INTERNATIONAL COLLEGE OF SURGEONS 

SCHEDULE OF MEETINGS 
INTERNATIONAL-NATIONAL-REGIONAL 

1954 

NATIONAU UNITED STATES AND CANADIAN SECTIONS 

September 7-10 Palmer House Chicago, Hlim^ 


REGIONAL 

To Be Announced Hotel Utah Salt Lake City, Utah 


1955 INTERNATIONAL 

May 2-7 Twentieth Anmversary Meeting Geneva, Switzerland 


NATIONAL: UNITED STATES AND CANADIAN SEaiONS 

September 12-15 Convention Hall Philadelphia, Pennsylvania 

REGIONAL 

February 27-March 1 Shamrock Hotel Houston, Texas 

July 1-4 Chatham Bars Inn Cape Cod, Massachusetts 

1956 NATIONAL: UNITED STATES AND CANADIAN SECTIONS 

September 9-13 Palmer House Chicago, Hhnois 


1957 NATIONAL: UNITED STATES AND CANADIAN SECTIONS 

September 8-12 Palmer House Chicago, Illinois 


1958 NATIONAL; UNITED STATES AND CANADIAN SECTIONS 

September 7-11 Atlantic City, New Jersey 




setting new standards 

ETH ICON 


sutures 



OB-eYN v: 



needle sutures 



•] p?] L:!] 






Thu Journal oj the hilcrnaiional College of Surgeonf 15 published b\ the 
Internntionril College of Surgeons as its official organ. It is a medium of 
publication for reports of research, clinical observations and experimental 
'.vorh in surgerv. It serves also to acquaint members of the International 
Collere of Surgeons and all those interested in the advancement of surgery 
throughout the v.'orld v/ilh the activities of the College, which was founded 
in Gr-neva, Switzcrl.and, in IftilS, and incorporated in Washington. D. C.. 
in 1010. 


KinrnjUM. niCQUlHEMEXTS. — The 

JovThn] oj ihr Jvtertinlirmnl Collegr of 
Sorf/f ovr dofs not limit publication of 
’''imtific mrit''ria1 to Members and Fcl- 
!ov..t of til'* Gol!'-ge. Original articles of 
.'siditific value are invited from all sur- 
geoir . but lliey will be accepted only with 
ill" undcr.'^landing that they are contrilv 
nted fob'ly to th" JonrnnL Nothing that 
.•ipp'ar, in the Journal may be reprinted. 

(itlier vliollv or in part, without permis- 
•i'lji, e'cf.pt for rcientific reference piir- 
po ' -. The Journal is published under the 
•tiiw rvi'ien of C." Tublication Committee, 
v.bo re'frve ih" right to reject any mntc- 
lial not fiernvd suit.able for ]nil)lic.'ilion. 
'i’ll" diitors afui't no re.sjionsibility for 
tb" opiniojr e'p!«>-'ed by coT.trilnitors; 
• igi ' >i iniUao'h .are tli" ojiinions of the 
i.i'tl do (lot ni ces" iirily rofiect the 

of thi' Oiliri I > (if till' Colloj'e. No 
I' ;• i!.'I'l.b!;. i< ' iinii d f(ir tb" n turn of 
u' • 'll ill i n.iir.i!'cript'. 


lions should be loo.sc, vot attached to papes 
of text vmicrinl. 

ILLUSTRATIONS .—Photographic prints 
should be large, clear, on glossy paper and 
preferably mounted. Drawings and charts 
should be in india ink on white paper, 
without pencil .shading. Negative prints 
of roentgenograms arc preferred. All 
illustrations should be numbered and the 
top indicated. Each set should be accom¬ 
panied by legends numbered to correspond 
hut oil Fcparatr rhert.’^. Point.s to be em¬ 
phasized should be clearly indicated for 
the benefit of the engraver. 


REPRINTS. — Articles published in the 
Journal are .’ivailnble. Prices arc quoted 
upon application. 

CORRESPONDENCE. — All inquiries 
pertaining to the Journal, to books or 
monographs for review, ami to jirograms 
and reports of procei-tiiiig-; f>f societi"s. 
as well as all giuirral r<'irre''].'>n(lenC(\ 
'■h'liiM i)" .acblressed to Dr. Max Thorch, 
Editor, Joarvrl o^ llir Infrrna. 

ti'ainl ('oUrtjr of .Vji) ,J, j~jf, J„J r 

SI orr Drive, Chieaqn 10, HI, 


.\i!v( r;i-.rmen!'- .are saPn-ittf 
t* " a’.iprovr.l of tb" Publicat 


'1 .'Ul'jfCt to 
ion Connnit- 






FOUNDED BY DR. MAX THORBK 


tEtje 5outnal of ffjt 
Snternattonal College of burgeons 

Official monthly publication of the Tiiternational College of Surgeons 


Edffdc/ by Max Thorel:, M.D., Sc.D., LLD., F.B.C.S., r^.I.C.S,, D.C.M. 


EDITORIAL BOARD 


Lyon H, Appleby, M.D„ C.M., LR.C.P.. F.R.^S. 
jEng.)* F-R*C.S.i (Can.), F.A.C.S.* P-LC.S. 
Vancouver, B. C*, Canada 


Harry E Bacon, M,0., F.A.C.S., F.l.C.S., F.R.S.M, 
Philadelphia 

Hamilton Bailey, M.D., F.R.C.S., F.I.C.S. (Hon ) 
London, England 

RaFfaele Bastlanelll, M.D., FJ.C.S. (Hon.] 

Rome. Italy 

Ruston N. Cooper, M.S., F.R.C.S. (Eng.J* F.R.C-P.S. 
(Eng.). F.I.C.S. 

Bombay, India 

Paul C. Craig, M.D., F.A.C.S., F.I.C.S. 

Reading, Pennsylvania 

Andre CroftI, M.D., F.A.C.S., F.I.C.S. 

Columbus. Ohio 


Ulysses G, Dailey, M.D., F.A.C.S., F.I.C.S. 

Chicago, Illinois 
Raymond Darget, M.D.. F.I.C.S. 

Bordeaux, France 

A. Mario DoglioHi, M.D., F.I.C.S. (Hon.) 
Torino, Italy 

Francisco Grana, M.D,, F.A.C.S., F.I.C.S. 

Lima, Peru 

Gordon Heyd, M.D., F.A.C.S., F.I.C.S. (Hon.) 
New Yoric 


Claude J. Hunt, M.D., F.A.C.S., F.I.C.S. 

Kansas City, Missouri 
Oscar Ivanissevich, M.D., F.I.C.S. (Hon.^ 
Buenos Aires. Argentina 

Arnold Jackson, M.D., F.A.C.S., F.I.C.S, 
Madison, Wisconsin 


Chevalier L. Jackson, M.D., F.A.C.S., F.I.C.S. 
Philadelphia 

Albert Jentier, M.D„ FJ,C.S. 

Geneva, Swlherland 

Oswald S. Lowsley, M.D., F.A.C.S., F.I.C.S, 

New York 

William Carpenter MacCarty, Sr., M.D., F.A.C.P.. 
F.I.C.S. (Hon.) 

Rochester, Minnesota 
Felix Mandl, M.D., F.I.C.S. (Hon.) 

Vienna, Austria 

Manuel A. Manzaniffa, M.D., F.I.C.S. (Hon.) 
Mexico City, Mexico 

Vasant P- Mehta, M.D., M.S., F.C.P.S., F.I.C.S. 
Bombay, India 

Henry W, Meyerding, M.D., F.A.C.S., F.I.C.S. 

Rochester, Minnesota 
Rudolph Nlssen, M.D., F.I.C.S. (Hon.) 

New York 

Raffaele Paoluccl, M.D., F.I.C.S. (Hon,) 

Rome, Italy 

Curtice Rosser, M.D., F.A.C.S., F.I.C.S. 

Dallas, Texas 

Robert L. Sanders, M.D., F.A.C.S., FJ.C S. (Hon.) 
Nashville, Tennessee 

Henry M. Scheer, M.D., F.A.C.S., F.I.C.S, 

New York 

Jorge Talana, M.D., F.I.C.S. 

Buenos Aires, Argentina 
Philip Thorek, M.D., F.A.C.S., F.I.C.S, 

Chicago 

Stephen A. Ziem^n, M.D., F.A.C.S., F.I.C.S. 
Abstract Editor 
Mobile, Alabama 


ir 






.SoHietItiHfl S^HW 

in Siirrfical 

Biiidci's... 

( r \ 


/\ 

'J' 


rr 




For Doi/y Use in 
» oriHoriDici 

* oiiuirtci 

* COIOJTOMY 

*• ifforocoriASTY 

* OIMtrAV tU»Cl*Y 




/ ' 







T 


■ 3 : 


« « » r » , I » t I t I 


the 

muller 

" BINDER 

lUiniiHflilB adhesive tape 


THE PATENTED SELF-LOCKING BUCKLE olimi- 
ntc*- 5 '''rv" nn<l adho'^ivc tape after Furcers’ in Ihit 
nd)ii‘t.'i1)lf. rf movnV'l'’. wa'inble tuillixl binder. 

M.''de in a ranpo of cirr^ for male and female use, 
the Muller Hinder 1= nv.ailable in Ixjth alKlnminal 
and rlif-st types. The fabric t” nrranped .and 
■^til'liefi to prevent wrinVlinp .and forms .a wide, 
f'uir.e''sv fittinr rirdle It is Irm^oni'd or tirbtenr-d 
by u(l) ‘trip'—rarh strip clo'ed '^ith it^ own 
'< > IT'T 

ASK FOR il !e r bn;!' tin—ora free s.amp'e — 

■at'.a* '. on e.ar; I it r lin'.in'ito .edhe-i\e t.ape 

. . . i! K- -'.'l d; {>;•!' t'.e ■•eri'e r'ii.'e p“d . . , save-; 
! ••• tnee , , . I -la le V orn h'en'' fro—, the ho’. 
5 t’l . : n ! i' '.N ' 'I"' r"d rr' 

Y Ot/P ffOSPiTAL cca e-c^r- eferef 
r*i i.'PpV 

THE TEXAL COMPANY 

no rtt:: AvrKut kotth 
r * r c11f JO I.*;•»•£ f oT A 




ADVERTISERS’ INDEX 


ABBOTT LABORATORIES.Erylhrocin . . VIII-IX 

AEROPLAST CORPORATION.AeroplastCB'.VII 

AMERICAN STERILIZER COMPANY.ten eighty surgical operation table.XI 

ANGLO-FRENCH DRUG CO. (U.S.A.) LTD.NEOcaine.XV 

BARKER VACUTOME.Skin Graft Made Easy.XXII 

BENTLEY & SIMON. INC.Official Gowns for Members.IV 

COCHRANE PHYSICIANS' SUPPLIES. INC.Surgical Instruments.XXIII 

COOK COUNTY GRADUATE SCHOOL OF MEDICINE.V 

ETHICON.Ethicon® Sutures .Insert 

FROBEN PRESS.Medical Publishers.XII 

GUDEBROD BROS. SILK CO.. INC.Colored Coded Sutures.XIII 

HOFFMANN-LA ROCHE.Levo-Dromoran Tartrate 'Roche'.Insert 

INTERNATIONAL COLLEGE OF SURGEONS.Meetings.Inside Front Cover 

J. B. LIPPINCOTT CO."Modem Surgical Technic" 2nd Edition by Max Thorek. M.D.VI 

MEDICINE ILLUSTRATED.A PubUcation.X 

V. MUELLER & COMPANY.McNealy-Glassman Visceral Retainer.XXIII 

ORTHOPEDIC FRAME COMPANY.Stryker Cast Cutter.XXII 

ROERIG.AIH Tetracyn.Inside Back Cover 

THE TEXAL COMPANY.The Muller Binder.Ill 

U.S. AND CANADIAN SECTIONS CONGRESS—Palmer House. Chicago. III. 

September 7-10. 1954.Outside Back Cover 

UPJOHN COMPANY. Myciiiadin .XVI 

WORLD MEDICAL ASSOCIATION.XXI 


NEWS ITEMS for "Surgeons' Aids" Please turn to page 
XVII. following last page of text. 




ROBES 

FOR 

FELLOWS 

AND 

MEMBERS 




The Surgeon's robe is fhe closed Geneva style with bell sleeves and inner 
sleeves. The color is ruby wine with medicine green and science gold colors 
in the velvet facing* and royal blue chevron bars on the bell sleeves. 

Fellows are privileged to wear the hood. The hood is the Doctors styje ''^■th 
medicine green velvet. The field is maroon, and the chevron contains the 
official colors of the University that conferred the Doctor's degree. The cap 
matches fhe gown, and has a medicine green hat band and gold tassel. 

All outfits are made to order to individual measurements.^ The cap, gown and 
hood costs $75.00, the cap and gown, $59.50. Payment is to accompany the 
order. 

An order placed now for fhe Cap, Gown and Hood will assure delivery in 
time for the Convocation at the Nineteenth Annual Congress of the United 
States and Canadian Sections, Chicago, Illinois, September 7-10 me., IW. 

OFFICIAL OUTFITTERS FOR 1. C. S. 

Write for catalogue and measurement chart 

BENTLEY & SIMON, Inc. 

7-9 West 36th Street New York 18, N. Y., U.S.A. 

Established 1912 


IV 















































— -- —=<- 

Ynu arr rorillallff invited in attend the 

NlNKTKr.NHI ANNUAL CONGHESS 


UNITED STATES AND CANADIAN SECTIONS 

international College of ^nrgeong 

Pfllrnor Hou»c, Chicago, IHinoi? 
SEPTKMI 5 EU 740 . 19 S'* 


If t*-T r*it ^, tiTife tf, ^frfftcry, I Stetf^ »SVc(ir»n. InffTnctinnc! (.oUrc^ o/ 

l.'Ki J>fAe 5^.^'r Cj.irr.fro 10. ///. 


COOK COUNTY 

GRADUATE SCHOOL OF MEDICINE 


iN'rKNviVK vo>i(\\\\\)\ \T\: m\\iitin(; dxtv: 


4 i:(,1 VA 


iM 

^ *’ 11 ‘ 

' 1 1 j - 


U u 

vllrr*'}', r V n V> 1 %. Jc 


•. 

" *r- 

rl 1’ ' { . -• 

*•. 

?! > i V-i r-fV* 


>1 \* > f, ^ 


'“'■V*. Ji;*'* JI. Vfj-”'’ 

-rM 

:i .M I:. * -.U ^ 

W r »t, ^' r 

'-l-r P 

1 if 

J’n' .j t‘. »rff **v T( 

' , J W r-* \ • 'r • '-»■ f ' 

1 f 

1 1 • * '* O' ^ V 

• /' i. . j ( r 3 

1 

li •#- 

. »* <»' r V O 

• '-r n 


*' 

• 1 *'' **■ 'r' *■». o ' T» K V. 



1 r * 

f J > 1 • J 

’»V 

5 

*'» ' 

•i -.f V 7., II. .. 

f» • V- 



f« *. 1 r» ' f 

v,,,.;* 

O : :■-*- 




£ * . « w * .• » » ^ ^ ^ ^ j 

I ",W I I . ^ , V , , . , V • 7 

\ - : 


: 4 V V. f- 1 , { 

U, .-, 1 , » 4 <■ * . ^ 

V. f. t , *i • *.. » ; 

*1 


i 


* » * t r . 

' i. * • ’ 1 ^ 


I ■ A r . » « t 

/ > ■ . ' - V, . 

* • t / t * . . , , 


4 f. I 




MI Dn-i'n y 







M 

iiiATURE SURGEONS, as Well as those engaged in 
graduate surgical training will find this outstanding 
work of the greatest value. 
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Of Ihe many fypes of onesfhesia, spinal 
procedures ore the most exacting in their requirements. Because of its 
phormacologicol precision, NEOcoine has demonstrated its fitness for 
spino! anesthesia over o thirty-year period of clinical use. 

In practice, NEOcoine is (1) always sicrilo, (2) virtuolly flash-soluble in 
cerebrospinal fluid, (3) stable to epinephrine, (4) rapidly end completely ab¬ 
sorbed v/ilhout irritation and (5) of low toxicity in anesthetic concentrations. 


AOWf^lSTPATIONi Employ 1 ng, of NEOcoin* 
prr poynd of body weighs, up to tSO ng. Oil- 
tc'vc cryi(o!t vfith jp'no! fluid led into the cm- 
poule. In'icct tlowly vilh opllonot betbotoge, 
ui'ng o 22 gauge needle. Controindicoted !n 
Cc»'ro‘n!cj!l''ol perforciion, cbslrudlon, peri- 
tcni'lj, tfvcre hypotenjion, cerebrojp'nol or 
done! tUn dneoje. Drug idlosyncrcjy it rorc. 

lUFfULOi /v-pou'et of 50, EO, 100, 120, 150. 
200, 300 r-g. of pure procoine hydroch!oride. 
torn of 10. for cc'.l'.r.uout ip'nol onetlheiio, 
c-pcuifi of 500 rg., individuolly boied. 
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preoperative 
bowel preparation 
within 24 hour 


BS 



tablets 


Each lablel contains 0.5 Gni. neomycin 
sulfate (equivalent to 0.35 Gm. neomy¬ 
cin base). In bottles of 20 tablets. 

Also available; 

Mycifradin Sulfate Powder (topical) in 
vials of 0.5 Gm. and 5 Gm. 

Mycifradin Sulfate (intramuscular) in 
vials of 0.5 Gra. 
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relieves pain within five 
minutes after subcutaneous 
injection,..lasts for an 
average of two hours... 
especially useful for pain¬ 
ful office and clinic pro¬ 
cedures, Risentil® — brand 


of alphaprodine 
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in one-third of our cases the preoperative 
diagnosis was toxic goiter. We have no 
experience in the aspiration biopsy with 
the Silverman needle as recommended by 
Crile; however, since the inflammatoiT 
changes were often observed in focal areas, 
it is our opinion that this method is much 
less reliable than a histologic stud}" of 
operative specimens. 

Age and Sex .—The average age of pa- 


Table 2. —Clinical Diagnosis 
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A. Mild Thyroid¬ 
itis 10 Cases 


3 

2 

1 

3 

1 


I. 

Riedel, 6 cases 

1 


2 

2 



1 

11. 

Hashimoto, 17 cases 

1 

1 

4 

3 

1 

4 

3 

in. 

DeQuervain, 9 cases 

2 



1 

1 

5 


Total, 42 cases 

4 

4 

8 

7 

5 

10 

4 



Fig. 1.—Mild thyroiditis in 50-year-old woman. 
Weight of specimen, 27 Gm. Grayish dry areas 
m moist amber cut surface indicate foci of col- 
loidophagj’ and IjTnphocjdic infiltration, the es¬ 
sential characteristics of thyroiditis. 


Table 3.— Age and Sex 


1 oiitiffcat Oldest Average 

Sex 

A. 

Simple thyroiditis 

17 

50 

36.5 

IM 

9F 

I. 

Riedel 

29 

66 

44.3 

6F 

II. 

Hashimoto 

21 

66 

50.6 

17 F 

111. 

DeQuei vain 

37 

61 

49.8 

9F 

Total 

17 

66 

45.9 

IM 43F 

Table 4.— 

-Clinical Symptoms 



e 




Enlargement of neck 

10 

6 

17 

9 

Nodular goiter 

7 

3 

10 

6 

Firm 01 haid 

5 

3 

5 

4 

Dyspnea 

1 

2 

1 

4 

Choking 


1 

4 

1 

Dysphagia 



2 

2 

Pressure 


1 

3 

2 

Pain, tenderness 

1 


6 

4 

Headache 

1 



2 

Hoarseness 

1 

1 

1 


Fatigue 

2 


1 

3 

Neivousness 

5 

3 

6 

4 

Weight gain 


1 

3 


Weight loss 

4 

2 

3 

5 

Rapid heart 

2 

2 

6 

4 

Ti emoi 


1 

2 

1 

Myxedema 



4 


Peiithyioiditis 
during opeiation 

1 

6 

4 

9 

Nodules in surg. spec. 

2 

1 

1 

2 


tients with mild chronic thyroiditis was 
36.5 years, that of patients with Hash- 
imoto’s disease 50.6 years and that of pa¬ 
tients with Riedel’s struma 44.3 years. In 
the DeQuervain group the average age 
was 49.8 years. The average age of the pa- 
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CHESKY EX AE: CHP.OMC THTBOrotTlS 



I n- The rvll- in th- cnll.n.l nn- ninnocyU'S wliich arc attraeU-d 1>J- the lipid 

in tin- ci'lloid. '■ .'i'-il. 


ti-'iil’-. v.illi ihf ihriM- (iimmon typ'-s of thy- 
loi'iiti', IhiToforc, wcro o.'sentially <iniiiar 
am! ii'd ‘■lyniricaiU cnouyh to ludji 

in till' <iifT< ri ntial (\iayi’.o‘;i«. All of our 
I'ritn n'l- v'l-ro v.h.it*' v.onii ii i-M-opt 1, wlio 
tni’.ii lh> t oaiiti'-. 

!ri’ Si',".- fin! Sul ii'U’i'i'. —(’liiii- 
t.'.ih , < !i!,ay> iia ii', of tho n<t'l. pro^ont 
u: .-i'll of .'ll of tli\ roiilstm. To trio 

I' .nr.ioii'.r ph*.-Haan tla < nlarpojr.o!!* :ip- 
;>t it I i "..i-sP r- .j, 0|', n..'a.i’i firm in !<• 

,., .ji .,7 p.'iin or t> n>i<-r- 

’>'• !’! t'.'.iol! ya-!• i jji ] 




thyroiditis. :unl al.'^o occurred once in as¬ 
sociation with Kiedei'.'i and Hashimoto’.s 
P'oiter.s. Dy.spnea wa."! noticed 8 time?, 
dy.sphayia -5 time? and a chnkinp sensation 
G times. 

Durnti'i)) of Sjim]‘tn}u.<. —The duration 
of symptom.' in our fir.st proup averaped 
eiphl and four-tenth? months; in the 
Uiodel proup eipht and eip’ht-tenth.s 
namth?. in the Hashimoto proup one year, 
and in the DeQuervain frroup one and 
'<-.vn-ter;th? month,?. 

TrirU-i rf .—We hate not treated any 
of our patient? with irraiii.ation. althouph 
tni re ;ire 'ome report? of potKl ro.'"ult? in 
the iit« r.'iture. Wi- did no* u?e rouitpen 
il'" i“Yau?e *,ve aprec wjtli 

'iar'cal! that .a'iditinnal lihro?!? produced 
hv irr.-.diatio!: may ne!l increase con?tric- 
of In* tracr.e.a ami a!?o destrov re- 




Fig. 3 .—Photomiciogiaph of follicle with monocytes and l 5 Tnphocytes. 
The mitosis in one of the intiafollicular cells proves that they 
aic not neciotic, desquamated epithelial cells X 580. 



Fir. 4 (Case IG). — Riedel's disease in a woman 
aged 47. Specimen weighed 27 Gm. Dense super¬ 
ficial adhesions, whitish cut suiface. 


maining thyroid epithelium, and second, 
because we wished to be sure of our diag¬ 
nosis. To us the principal reason for sur¬ 
gical intervention is relief of pressure 
symptoms and tracheal constriction. In 
the presence of Riedel’s or DeQuervain’s 
type of the disease radical resection not 
onl.v maj’- be difficult because of the stony 
hardness of the gland, but may result in 
serious injury to the parathj'roid glands 
and to the recurrent laryngeal nerves. 
Release of the viselike pressure on the 
trachea by removal of the isthmus and 
limited resection of the lateral lobes is 
all that we attempt. On the other hand, 
a subtotal bilateral lobectomy is the meth¬ 
od we prefer for Hashimoto’s disease. 




%'oi, j;xi. :<o. c 

In Table 5 the weights of the resected 
thyroids are tabulated. The average 
weight wa.s 13.8 Gm. for Riedel’s struma. 
VJ.2 Gm. for DeQuervain’.*: tj-pe and o9.9 
Gm. for Hashimoto’.s di.'jea.ce. In the pres¬ 
ence of chronic inflammation of longer 
duration the thyroid ti.^.sue tends to 
decrease in volume, except in cases of 
Ilashimoto’s disease. In studying the last- 
mentioned condition we found by actual 
cell count that the greater part of the 
gland is the re.sult of proliferation of large 
oxyphilic cells, and decidedly less the re¬ 
sult of lymphoid hyperplasia. Only in 
cases of this type, therefore, is one dealing 
with a true goiter, i.e., a cellular prolifera¬ 
tion. Since inflammatory involvement of 
surrounding structures is rare in patients 
with Hushimoto’s disease, the danger of 


CHESKT ET AL: CHROKIC THYROIDITIS 

damaging laryngeal nerves and parathy¬ 
roids during operation is not greater than 
in the presence of a noninflammatory 
goiter. The fear of postoperative hypothy¬ 
roidism is of no concern to patients with 
Hashimoto’s disease, as ox}*philic cells are 
functionallj- inert and h}*pothjToidism will 
develop with or without operation. 

Catt.‘<e of Thifroiditis .—Table 7 reveals 
the differences in microscopic tissue struc¬ 
ture associated with the four tj^ies of 
chronic thyroiditis. In our first group, 
intrafollicular macrophages and lympho¬ 
cytic aggregations in the stroma are the 
main histologic features, while Riedel’s 
goiter shows, in addition, a marked in¬ 
crease of fibrous ti.csue with destruction 
of glandular elements, and Hashimoto’s 
disease is characterized by proliferation of 
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Tlin DISTRIBIjTION or bipid and phospholipid in paphr 
HLHCTROPIIORHSIS OP THE SERUH LIPOPBOT]]INS IN 
NOR'\IAL SUBJECTS AND IN PATIENTS WITH ATHEROSCLEROSIS 
JI A Cii vriN, Pii D , JI D , v\D SvMm u Pnofiris, 51D , T A C P 
Lfwisto'J, SIvinf, \nd Boston*, 5r\ss 

I N SUPPORT oC the that atlitiosdeioMS m,n he ,i inelaholii clisiase 

immoious imcstigatois h.uc fouiKl an .issoeinlinn nith incic.iscd beta lipo 
protein'! of scrum,’ * witli iiicicascs in the ehokstciol conttnt of the beta lipo 
pioteins" ' null incicases m the Ion (hnsiti bpopioteins, and nith an in 
cieased sennn eliolostcJoI pliosfiholipid lalio’ *“ Jlost of the eiidencc indieates 
atheioscloiosis to be assoenfed with abnormal meicascs in the beta lipopiotcins 
Changes in the alpha hpopioteins nic slight and consist of slight dccicases in the 
lipid and cholestctol ’ ' 

5Vliilc cbolosteiol, ns a mote insoluble component of the lipids, has been con 
sidcied to plai a dominant role in the metabolic distiiibanco of lipids piomoting 
nthorogenosis,” its status as a single causal ciititi has frcquentlj been ques 
tioned, peihaps mainlj because in any sciics of patients nith coionnii disease 
there aicniam nitli normal eoncwitialJons of cholesteiol in the smim Jncicas 
mg attention has thcicfoie been gnen to the othei lipids” of seiuni and to the 
Iipid piotcin relationships’ in teims of possible lipid stabilizing effeets 

Recenth, foi the same reason, the phospholipids base also come undci seiu 
tiiij ” The constant of the cholesteiol phospholipid ratio has been empha 
sized,” and it has been shoun that no less than all molai latio of phospholipid 
to free cholesteiol exists in the plasma at all times "■ In e\peiinientnl canine 
atheiosolerosis, Davidson and associates” have found phospholipid to incieaso at 
the average rate of but one mole foi cvciv five moles of cholesteiol A consc 
qucnce of such findings has been the giovvth of a concept that the available 
phospholipid deteimines the amount of cholesteiol which can bo kept in solution 
in the plasma and that relative increases of cholesteiol mav icsult in instabilitv 
of the lipid solution 

It, therefoie, seemed desiiable to investigate changes in the phospholipid 
content of the scrum beta hpopioteins in noimal subjects and in those with ath 
erosclerosis with the hope that such compaiisoii might give a better nndeistand 
ing of the natuie of lipid disturbance in this disease This studj has been based 
on a simplified method” utilizing papci elcctiophoiesis as a means of separation 
of the hita and alpha hpopioteins in iniillipio stiips of papei, some of ivhioli 

from tlie Dcpaitinont of 'Melicinc Central Milne General Hospital Icwhton Milne 
incl the New England Center Hospital Boston Mis«i 

This study was ■’lupportc 1 b> a giant from the Mime Ilcirt A’l'tociatlon 
Rccel5ed for publlcition IMiich IJ 1958 
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were stained directly for estimation of lipid distribution between the two groups, 
and the remainder stained for phospholipid after differential extraction and re¬ 
moval of the other lipid components. This teehniqire has permitted a gross es¬ 
timation of the beta and alpha lipid fractions, of the beta and alpha phospholipid 
in these fractions, and indirectly, the amount of phospholipid in the total lipid of 
serum. 


:materials and method.s 

All clicmii'al detcrniinatioiis were done on blood serum obtained in tlie fasting state, 14 
to 16 hours after a light evening meal. Each serum was refrigerated at 5° C. and the various 
chemical and electrophoretic determinations accomplished within 24 to 48 hours. Several 
groups of persons were studied. These consisted of 20 young men and 22 young women, all 
presumably normal and healthy; 18 older persons, also normal by the usual examinations and 
routine tests; 20 subjects, of ages comparable to the older age group, who had had recent 
episodes of myocardial infarction and were 1 to 3 weeks in the recoverj’ phase at the time of 
testing; 10 with uncomplicated diabetes mellitus; 3 with nephrosis; 5 with essential hyper¬ 
cholesterolemia ; and 2 with myxedema. 

Serum cholesterol and esters were determined by the method of Schoenheimer and 
Spcrry.=e The method of Fiskc and Subbarow^i was used for the determination of lipid 
l)hosphorus and the factor of 25 for its conversion to phospholipid. Triglycerides were cal¬ 
culated from the difference between the total fatty acids== and the sum of the estimated 
phospholipid and cholesterol ester fatty acids. Total serum lipids were calculated as the sum 
of the values for free cholesterol, estimated cholesterol esters, phospholipid, and triglycerides. 

A previously described modificationie of the technique of Kunkel and Slatero for paper 
electrophoresis of serum lipoproteins which permits the simultaneous use of multiple strips of 
Whatman No. 1 filter paper, was employed throughout this study. A 0.02 ml. sample of the 
scrum being tested was applied to each of the strips in a similar manner and location. The 
entire procedure of electrophoresis, drying of strips, and subsequent staining of lipids was 
standardized and accomplished in the same way for each determination. Ten or more of the 
dried strips from each serum electrophoretic run were treated with boiling acetone saturated 
with magnesium chloride to extract all lipids other than the insoluble phospholipid. These 
strips, along with at least 0 other unextractod strips from the same serum run, were subjected 
to the same staining procedure with 1 per cent Sudan Black B in 50 per cent ethanol (triple 
filtered) in one large tank. At the end of the 12-hour staining period, the strips were washed 
by successive immersion in 4 containers of 40 per cent ethanol for 15 minutes each. Since 
there was some fading of these dyed strips on exposure to bright light, all strips were dried 
and kept in the dark until manually scanned with a photoelectric densitometer using a 590 
mg filter. From the curves relating optical density and distance along the strip the areas 
corresponding to the beta and alpha albumin lipid zones were measured by planimetry and 
the percentage distribution of the lipids in the 2 lipoprotein zones calculated. With careful 
technique and attention to detail, the reproducibility of this method is within ± 5 per cent for 
total lipids and ± 9 per cent for phospholipid, 

KESUBTS 

In view of tlie fact that the findings here reported indicate both the total 
lipid and phosjtholipid distribution in the beta and alpha lipoproteins and there¬ 
fore apply only to the lipid moiety of these fractions, the presentation of results 
by application of usual terminology becomes complicated and cumbersome. In the 
following discussion it has been found advantageous to refer to the total lipid 
in the beta and alpha lipoproteins as the beta and alpha lipids, and to the phos¬ 
pholipid in each fraction as the beta and alpha phospholipid. 
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Numwr 1 “ * 

Di^fnbufion of Total Lipid and Phospholipid .— 

A. Young men and women: The >ouii*r Avomcn of t!iis fjioiij) uoio liom ]!) 
to 30 years old and the >oun^ men \\cio 10 to 32 jears old. Theic -Nsas no lamily 
histoiy of diabetes or hypcreholcstciolemia in any of the subjects The data on 
these two ‘iioiips aie listed in Table I. The average values for the gioiip of men 
for serum total lipid and for total and ficc eliolesterol wore slightly gieater and 
the ^alues for phospholipid slightly lower than the coiresponding values foi 
women. In tliese ^oung people, phospholipid leproscntcd 41 pei cent of the 
serum lipids in >oung women and 34 per cent of those in young men 


Tahu T. Distiuiuthin o» Srurw Lirii* \m> Piiosriioi inn in Yotst. Mrs and ^VoM^^ 
inT\vi>N 16 AMI 32 Vevi:s Orn 


DFTrnWlNATinS 

\OK\f\I MOMIN 
(22 SI HJFCTfe) 1 

NOI.MAI/ Mrs 
(20 .si'iijrcT.S) 

1 .u n Aor j 

J.Asnj j 

1 -UH.VflF ( 

nvNOF 

CJicrtucol Ftndinrji {wfj. l>*'r ant) 





Total cliolostorol 

152 

90 2’S 

158 

102 191 

Free oholc'^tcrol 

37 

12 79 

48 

25 56 

ClioJo^toroI o-^tcr* 

115 

75 165 

115 

72 1J6 

Lipid plio<«plioru« 

86 

7 0 11.4 

8 3 

65101 

Phospholipid (factor 25) 

215 

170 285 

208 

103 253 

C*P ratio 

071 


0 76 


Tngljcondc- 

S2 

0 ICO 

162 

96 217 

Total lipid 

527 

424 C5C 

614 

467 604 

riio^pholtpid per cent of total lipid 

41 

33 46 

34 

27 39 

hlcctrophorctic Findtnos (pri ant) 





Total lipid diotriliutioii 





Ilpta roue 

71 

5S 83 

76 

65 85 

Alpha zone 

20 

1741 

24 

lo 30 

Phospholipid distribution 





Petu zone 

67 

50 81 

64 

58 84 

per cent of total hpid 

31 

18 43 

26 

15 40 

per cent of beta lipid 

44 

26 64 

34 

26 47 

Alpha zone 

33 

17 54 

36 

16 47 

per cent of total lipid 

15 

5 25 

14 

8 20 

per cent of alpha lipid 

52 

31 80 

60 

44 87 

riio-spholipid per rent of total lipid 

43 

31 53 

40 

32 49 

Calculated Distributions 





Beta lipid (mg. %) 

374 

259 525 

466 

314 565 

Beta pho'-pholipid (mg. %) 

144 

98 188 

183 

87 212 

Plio«:pholipid per cent of beta lipid 

39 

28 58 

29 

20 38 

Alpha lipid (mg %) 

154 

85 258 

148 

92 230 

Alplta pho«pliolipid (mg %) 

71 

40 154 

To 

41 110 

Phospholipid per tent of alpha lijnd 

46 

83 64 

31 

.85 60 

Beta alpha hpid ratio 

2.4 

114 0 

3 3 

1 6 o 6 

Beta alpha pliospholipid ratio 

20 

00 4 0 

1 8 

0 9 5 2 


The seia ot young women a\cragcd moie alpha lipids (154 mg per cent) 
and less alpha phospholipid (71 mg per cent) than w’as found in the sera of 
young men (148 and 75 mg pei cent, respectively). The seia of young men 
aveiaged 24 per cent gieater beta lipids (466 mg. pei cent, compaied wnth 374 
mg per cent), and iieaily 10 per cent loss beta phospholipid (133 mg. per cent, 
compaied w'ith 144 mg pei cent) than was found in the seia of young women 
These differences in the lipid and phospholipid distnbution in the two main 
lipopiotcin fiactions of serum fiom young people of diffeient sexes, aie show’n 





Bottt phonpholipld, or. por cant 3-5 Beta lipids, ng. per cent 
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in Fig. 1 wliere the values for the beta lipids are related to the serum total lijiid 
of each individual examined, and in Pig. 2, where the values for the beta phos¬ 
pholipid are related to the serum phospholipid in each instance. 



450 500 550 600 650 450 500 550 600 650 


Serun total lipid, og. per cent 


Fiff. 1.—Comparison of the beta Ilpid values for sera of young women and men. The 
..jwHty of young men have beta lipids in excess of the average for young women, represented 
■ the horizontal line. 



Servo phospholipid, og. per cent 


Fig. 2.—Comparison of Uie beta pliospholipid values for sera of young women and n.. r, 
The majority of young men have beta )>hosphollpid vaUic.s Ic.s.s than the average for joioj- 
women, rcpre.scnted Ivy the horizont.al line. 
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Tli«s( fiiulin^'b iiidicatt llu stia uf joung: mtii to hd\c bcl.i Jipids 

less beta pbospholipij, niul less alphi lipids uitli moic alpha phospliolipid 
than IS found in the soi.i of Aonn*' aaoiikh, Mitli the gicalcst diftiiencc bcinj; 
e\idcnt in the beta lipopioteins 

B ^^XonnaV^ oUhr group' In this gioup of 18 subiocts, there A\eie 10 
postmonopaiisnl Momcii and S men, langing in age from 40 to GG \e«ns The 
poi'sons compnsmg this gioup had been hospitalized for loutine c\aminations oi 
had been admitted for functional complaints None shoued e\idenee of organic 
disease or o\cit athcroscleiosis The a\eragc findings for this group arc listed 
m the second Acrtical column of Table II for companson with the findings foi 
Aoung A\omon, selected as the lefcrcnce gioup 

Chemical analj ses of the seia of this group showed an inciease m total lipids 
and slight incieases in cholcsteiol and phospholipid m comparison A\ith the scia 
of Aoung women Aftoi clectiopboictic separation, 82 per cent of the scium 
lipids inigiatcd A\itli the beta lipopioteins, oompaied to the 71 pci cent distnbu 
tion foi the gioup of joiing women, and 73 poi cent of the phospholipid ac 
companicd the beta lipids From calculated concentrations this gioup showed 
gieater amounts of beta lipids and phospholipid than was found in tlie group ot 
AOimg AAomon, the phospholipid percentage composition of the l)cta lipids AAas 
32 pel cent and compaiatucly lower Both the alpha lipids and phospholipid 
weie less in this group than m the group of aoung women 

ClimcallA normal oldei pci*sons appeal, thorcfoio, to haAc increased beta 
Upids and phospholipid, with the former being dispropoitionatel> increased and 
the latter amounting to a diffoiencc of 7 pci cent less iJian its composition of the 
beta lipids of joung A\omcn In reciprocal fashion, theio wcie loss alpha lipids 
and phospholipid than A\as found in the seia of Aonng women Xo sc\ difference 
in the distribution of these lipids A\as detected m this gioup of older people 
C Persons with hnoicn coronary athaosclcrosi<! Tins gioup of 20 sub 
iccts, all men and 38 to 63 jears old, represented instances of rccoAci} fiom le 
cent mjocardial infarction Tlirec of the group AAcro lecoAeung from a second 
attack Si\ AAere having intermittent angina pectoris All patients with dia 
hetos mcUitus and those with suspected essential liApercholesteiolemia were ex 
eluded from tins group As noted in Table II, the chemical analyses of the sera, 
when aAcraged, shoAAed moderate increases in all of the lipid components as com 
pared Avith those of joung men and paiticularlj of young A\omen Phospholipid 
content aAoiagcd 35 pci cent of the total lipid, appioximating the percentage 
composition of the sera of older persons and ot Aoung men, but notablj less 
than the 41 pel cent composition found in AOUng AAOmeii 

Blectrophoretic separation of the serum lipids of this group disclosed a 
greatci proportion (S3 per cent) of the total lipid in the beta fraction than was 
iound in the groups of normal subjects Both the alpha lipids and alpha phos 
phohpid A allies were decreased The average beta lipids of 640 mg pci cent 
lepresents a 70 per cent incicase OAer that foi >oung A\omcu Thus, Avhile the 
beta phospholipid A\as someA\hat increased, this increase Aias dispropoitionate, 
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aiul Its i)ut(nt<i"(' (onipositioii ot the beta Iipuls a\ii.igctl 31 per omt This was 
consulciabh less tlain was found in the groiij) ot loung men and is conspicuous 
in MOW of the gloss incicases in the othci beta lipid eomponents Tiighcciidcs, 
which wcio also iiieicascd in the scia of this gioiip, lepuseiited some poition of 
till lattei, siiiti If migiatis in Inigi, pait with the beta lipids The alpha lipids 
and phospholipid ot tins gioiij) win both diueastd in aetiial axciagc amounts 
below those ol toiiiig women Phospholipid apiieaied to make up somewhat 
mole than half of the alpha lipids in those subteefs 
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These dat^, thciefoic, indicate the scia of patients ^\lth coronu’j atlicio 
scleiosis to ha\e consideiabh inci eased beta and slighth deci eased alpha hpids 
giting a beta .ilpln hpid latio of 4 0, as eompiaed to the latio ot 2 0 found in 
•\oung ANomen Tlio phospholipid distiibution, lioue\ei, follo^^(d the same 
pattern iound in the scia of ^oullg men and of the oldei gioup of noim il pci 
sons, 1 e , ^\l^le the beta pbospliolipid mcreased modeiateh as compaicd -with the 
sera of tonng ■\tomen, tins mcieasc was not in pioportion to the gicat incicase 
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in the beta lipids as a -whole. Thus, the beta phospholipid of this group was 20 
per cent less than it Avould be if it -were increased in the same ratio as in young 
women. 

Figs. 3 and 4 are scatter diagrams showing the relationship of beta lipids to 
serum lipids and of beta phospholipid to serum phospholipid for the individual 
members of this group as well as those of young men and women. The de¬ 
ranged content of the beta lipids with regard to phospholipid is thus emphasized. 



ISO 200 220 240 260 200 300 320 340 360 380 

Serua phospholipid, ng. per cent 


Fiff. 1.—^Tho relationship of serum and beta phospholipid in young men and women 
and in patients with coronarj* atherosclerosis. The horizontal line represents the average 
beta phospholipid concentration for the sera of young women. The values for most of tlu* 
sera of young men fail below this line. 

D. Diseases ivitli high incidence of atherosclerosis: 1. Diabetes mcUitus: 
Eight instauces of this disease, uncomplicated hy ketosis, infection, or overt coro¬ 
nary disease, comprised this group. By chemical analysis, all of the sornm lipid 
components wore increased over the normal, particularly the serum jjhospholipid 
which averaged higher than that of the preceding group witli eoronary atlum- 
sclcrosis. As showji in the listing of results from this group iiiTahle II, tlieic 
were increased amounts of total lipid and phospholipid in the beta lipids of the 
sera examined, yet phospholipid represented hut 33 per cent of tliis f rad ion 
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\ND I’llO'irlrOI TI’ID IN I* VIM 1! ] I r( TItOPlIOI.rSIS 

Tlic <ili)liii wciL ilccuasvil bill jiiiosplioliiiul «,is ijitstnl in ni,n!\ noiinil 

.imoiiiit .IS cominicd witli lli it foi voiiii!' v'onicii .Scum dccmsc iii the citlai 
■ilpli i lipul compoiKiits IS llius iikIh itcd to bo piiscnt iii dnlatvs TIil bc-ti 
.ilplin lipid i.itio vi.ns iirail^ tliitolold tli it ol v 011111 : Moiiicii 

2 Xcphrosis The 3 subjects selected foi this gioup had tjpical nephrotic 
svndioiiics vMth V .arj iiig degrees of edenn, hvpoullnimiiiomin, pioteiiiuiiii, and hv 
percholesteiolcmia The nephiosis in all subjects vias believed to be secondarv 
to chronic glomeiitlonepluitis The abnoinnl beta lipopioteiiis of this group of 
seia niigiated vvith an incre.ised mobilitj, often eiicioachiiig on the alpha lipid 
fi.iction and inikmg exact separation and subsequent analvsis frequcntlj difR 
cult bv the method emplojed The gre.itiv iiicicased lipid content of these seia 
was reflected in an incicase in all eompoiieiits, including triglj ccrides From the 
data listid in Table II, the gicatest poition of this increased lipid is seen to be 
picseiit in the beta lipoproteins which contained 94 per cent of the total lipid 
and SS per cent of the phospholipid which w.as piesent in the seium Bv actual 
calcul.atioii, howevci, phospholipid compiiscd but 2G per cent of the gieatlv in 
creased beta lipids, or consideiablj less linn tint of anv of the othci groups 
studied Rcciprocalh, the alpha lipids and phospholipids wcie decreased in 
sctinl amounts, with the latter aiipcanng to ni.iKc up GS pet cent of the alpha 
lipids of this gioup One of these 3 subjects whose scium total lipid was 2 300 
mg pel cent, appealed to have an alpha lipid consisting .almost cntiiclj of phos 
pholipid Tins unusual result, verified on icpcated testing, while perhaps rep 
resenting some peculiaritv of the method of extraction or of staining as it ap 
plies to those abnormal lipoproteins, indicates the alpha cholesterol and tiiglj 
eende to be gicatlj deeieased in nephrosis riirthei studies are in progress with 
.an aim to clarifv this finding, paiticul.aiIj since similar results have been oh 
served in some instances of acute infections hepatitis and obstiuctive jaundice, 
confirming the earlici observations of Kiinhcl and Slatei' 

3 Essential hypercholcstcroUima The 5 subjects in tins group, 3 men and 
2 women, were from 32 to 54 ve.ais old All had had angina pectoris or mjo 
c.aidial infaietion One had fairlv extensive tendon deposits of xanthomatosis 
and 4 had xanthelasma Anothei, a 32vc.ai old woman with severe angina 
peetoiis which was present before and after an cailier episode of mjocardial in 
faiction, had a strong familv liistoij of piobable livqicicholesteiolemia (3 siblings 
had died between the ages of 22 and 34 of acute heart disease), and has since 
died with a recurrent mvocaidml infarction From chemical analjses of the 
sera, the marhedlj increased lipids reflected incicases in cholesterol and its 
esters and, to a lesser extent, in the phospholipid In coiiipaiison with the sera 
of nephrotic patients, there vv as much less phospholipid and tiiglj cciides IVliile 
the beta lipids were some threefold increased ovei that for joimg women, the 
beta phospholipid was but twofold increased and comprised onlj 25 per cent of 
the beta lipids Of equal interest was the finding that vvhde the alpha lipids 
were slightly decreased below those of young vv omen in terms of actual amounts 
present (130 mg per cent), the alpha phospholipid (91 mg pel cent) was in 
cieased over that for joung women and lepreseiited 70 per cent of the alpha 
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lipids. Tliis increase in the alpha phospholipid was of about the same degree as 
previously noted in the sera of patients with diabetes and nephrosis. It is in¬ 
teresting that in this disease which is characterized by great increases in serum 
cholesterol, alpha cholesterol appears to be decreased. 

4. Ilyiiothyroidisyn : The 2 patients in this group were 48- and 56-year-old 
women. Their basal metabolic rates were minus 36 and 40 per cent, respectively. 
Each had the classical clinical picture of myxedema. The serum total lipid was 
increased to an extent nearly equal to the average found in nephrosis, the serum 
total cholesterol was greater than in the latter but less than that found in hyper¬ 
cholesterolemia, and there were increased triglycerides. One of these sera was 
lactescent. The serum phospholipid Avas increased in degree comparable to that 
of the nephrotic sera. In these 2 subjects, 87 per cent of the seinim lipids Avere 
present in the beta lipoproteins, giving the latter a lipid content of 4 times that 
for young Avomen. Only 71 per cent of the serum phospholipid migrated in this 
beta fraction, Avith the result that the beta lipid eontent of phospholipid Avas but 
21 per cent. This Avas the loAvest concentration for beta phospholipid found in any 
of the sera examined in this study. Of equal interest Avas the finding that the 
calculated alpha lipids in this disease is apparently increased some 50 per cent, 
and the alpha phospholipid nearly 90 per cent, OA'er the values for normal young 
Avomen. l\Iore than one-half of the alpha lipids appear to consist of phospholipid 
in mj’Tcedema. The beta-alpha lipid ratio Avas increased to about the same de¬ 
gree as that in diabetic sera. The sera of both patients, after 6 months’ treat¬ 
ment AAuth desiccated thyroid, shoAved more normal lipid distribution patterns of 
the type described for the older age group of persons. 

Summary of Findings in Atherosclerosis .— Both these and other® results 
appear to indicate that the serum lipids in coronary atherosclerosis and in dis¬ 
eases Avith a strongly atherogenic tendency sIioav distinct changes Avhen they are 
examined in terms of their component distributions in the beta and alpha lipo- 
jAroteins and Avhen compared Avith a reference group of normal young AAmmen. 
The general pattern of these changes appears to he as folloAA^s: 

1. The beta lipids, as a group, are increased greatly. 

2. The beta cholesterol is increased moderately.® 

3. The beta phospholipid is increased slightly. 

4. The pho.spholipid percentage content of the beta lipids is decreased 
greatly. 

5. The alpha lipids are decreased moderately (e.xcepting myxedema). 

6. The alpha cholc.stcrol is decreased slightly.® 

7. The alpha phospholipid is decreased slightly (excepting myxedema). 

8. The phospholipid percentage content of the alpha lipids is increased 
.slightly. 

9. The beta-alpha lipid ratio is increased greatly. 

10. The beta-alpha phospholipid ratio is increased moderately. 

These changes are vi.sualized in Fig. 5. A\-hich illu.strates in terms of mil'i 
irrams per cent concentration the actual amounts of total lipid and phospluilipi,! 
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found in \\\v inOu and ;\\pi\a iipopvoloms in caci\ of Ihe diffou*nt primps studied 
The loner bars lepu'sent tlie alpha and tlie upper h.u’s the beta lipids, the uhole 
bar in eaeh iiistanec lepreseiitinp the total lipid of each finetioii. The shaded 
portion of each bar represents the amounts of beta and alpha phospholipid, and 
the porcentape composition of each fraction is imincrically inserted. It is seen 
that even thouph there is an inerease in the beta phospholipid, this inciease is 
disproportionately less than the inciease in the beta lipids, and that the latter, 
in atherosclerosis, eontain relatively less phospholipid than is found in the scia 
of yonnp women. 



Fig 0 —^Relatixe Upld and phosphonpld compoaltlons of the beta and alpha lipoproteins 
In differing groups A Normal young women. B. Normal >oung men C. Patients wim 
recent mjocardlal Infarction D Patients with uncomplicated diabetes E, Nephrosis P 
Essential hjiiercholesteroleniia. G. Mj'xedema. The portions of each bar representing 
phospholipid are striped and the percentage composition of each is numerically represented 


DISCUSSION 

Additional information concerning the pattern of abnormal lipid distribu¬ 
tion in atherosclerotic sera has appeared as a icsiilt of this study. If one accepts 
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the distribution of serum lipids a}ul ijhospholipid of young women as the nor¬ 
mal, or group of reference, then tiic sera of patients with coronary atherosclerosis 
have increased beta lipids which contain less than the normal ratio of phospho¬ 
lipid. A trend to tliis pattern was found in the sera of young men. Because of 
their potential importance, se.\' differences in the blood lipids have been sought 
by many investigators. Thus, Euss and associates® found young men to have 
more beta lipoprotein and less alpha lipoprotein than young women. Oliver and 
Boyd® found young men to have more beta cholesterol and less alplia cholesterol 
than young women. Nikkila® and Pasoli,^ by means of paper eleeti’ophoresis. 
liad earlier demonstrated the same finding. Jones and co-workers®® from a study 
of the low-density lipoproteins, found that 20 per cent of the men but only 2 
per cent of the women between the ages of 31 and 40 have over 60 mg. per cent 
of the Sf 10-20 class of lipoproteins (believed to be of the beta fraction); a 
similar difference could not be demonstrated in older age groups. The data re¬ 
ported here indicate another sex difference involving the phospholipid composi¬ 
tion of the beta lipoproteins, the latter, in young men, having more total lipid 
but relatively less phospholipid than those of young women. 

This pattern is somewhat more distinct in the older age group of normal 
subjects of both sexes, the beta lipids being increased to a greater degree than 
the beta phospholipid. The trend is more distinct in the group of persons with 
coronary atherosclerosis and in other strongly atherogenic diseases. In these 
groups, the beta lipids are grossly increased whei’eas phospholipid constitutes a 
lesser percentage of this total. In all instances of patients with atherosclerosis, 
with tlie exception of myxedema, there are increases in the beta lipoproteins and 
decreases in the alpha lipoproteins of the serum. The significance of these re¬ 
ciprocal changes in the two lipoprotein fractions is unknown. Euss and co¬ 
workers® associated this finding with a diminished albumin content of the alpha 
fraction. The observations concerning the differences found in nijuvedema are 
unexplained. 

The concept, revived by Boj'd®® and expressed by others,®- ®' “ that phos¬ 

pholipids play an important role in maintaining stability of the plasma lipids 
and that lipid derangements resulting in decreased phospholipid concentration 
are associated with the development of atherosclerosis, provides a convenient in¬ 
terpretation of the findings of this stnd3^ It appears possible that this demon¬ 
stration of a relative decrease in the beta pho.sphoIipid, occurring concomitantly 
with an increase in the other beta lipids—a disturbed distribution known to be 
present in atherosclerosis—signifies lessened stability in a sj'stem with a satura¬ 
tion limit. 

It is kno\ni that the individual lipid fraction values, in the serum as well 
as in the two lipoprotein fractions, vaiw markedly from individual to individual 
and that there is a wide variation in values obtained from normal persons. Tlir 
variations in these values in sera from patients with atherosclerosis is even mm. 
marked. IManir^ has emphasized that the variabililj* (of lipid vahie.s) withii, 
given sex and age group is very large, and that the measures of sprea.l arm . 
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the iiicaii aic harge, gniiig coefiicients of ^allatlo]l of 30 to 50 pei cent Thcic 
foie, 111 this, as in an\ studj of blood lipuls, a\cragc \allies should be intcipictcd 
as Irciuls and not as absolute limits The statistical significance of the obsened 
changes m the beta lipids and ])hospholipids in tlic gioups of moling men and 
Momcn and in tlic gioiip of patients \\ith eoionan athciosclciosis is indicated 
in Table ITT 
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SUMM \ll\ 

1 A method, doiised foi flu intasmemcnt of total hpids and phospholipids 
in tlio beta and alpha lipoprottiiis aflci elcctiophoietic stpaiation ot these scium 
liactions, has been applied to tiu seia of groups of noimal \oiing men and 
uomcn, of oldei poisons and of jiaiienls uith coionni’) atluiosdciosis Smallci 
gioups of patients uitli dialutis nullitus iicphiosis, essential h\pcicliolcstciole 
mia, and mjscdema lia\c also been included C’liolcsteiol, phospholipid, tiighc 
cudes, and total lipuls have boon dctcimincd in the oiiginal seium and tlie total 
hpicl and phospliolipid in each of the tuo lipojiiotein fiactions 

2 The scia of ^oung men haic moic total lipid vitli ichtncK kss phos 
pliolipid in the beta hpopiotcnis and less total lipid uith rclatncH moic phos 
pholipid in the alpha lipopiottins than the sera of Aoiing uomon ot comparable 
age 

3 The scia of patients uith coionai\ athciosclciosis and of patients uitli 
atheiogeiiic diseases ha\e greatl} increased total lipid ■witli rclatuoh loss phos 
pholipid in the beta lipoproteins, and maikcdh decicased total lipul ^^lth rcla 
ti\eh more phospholipid m the alpha Iipopiotcms uhen compaied ^\lth the scia 
of joung uomon 

4 This pattern of abnormal Iipid distiibution m athciosclciosis his been 
sliowii to he most pionounccd in the beta Iipopiotcms 
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Tin: i)irraRii\(. mi^cifamsms op action or mprcci^iacs, 
CARI30NJC ANinDRASi: INIIIBITOKS. AND 
CIICOKOTIIIAZIDn AS DIURDTIC AGDNTS 
V roiin, *MD, \ND J B Rociinii HI, D 
Houston, Tiws 

T ILIj piccisc iiuchainsnHs) of action of diiiulic icinains an enigma 

Histoclumital and in Mtio Lhcniical data indicate that peihaps nieiciuials 
and sulfonamides inhibit sjietific tn/^mc s\slcms loi the actuation of the 
ion exchange mechanism foi sodium icabsmptinn In an efToit to supplement 
these data ■with icleiencc to iciial diurclu mechanisms, this studj has been 
pcifoimcd It was speeulnted that the lesponsos to 3 gioiips of diuicties— 
mciciuials (mcinllundc), carlioiiic anhjdiasc inhibitois (acctazolcamidc), and 
chlorothiazide—in the itiinan cxciction of sodium might rc\eal indiicct cm 
deuce conccining tluii mechanism of action 

This studj was inspiied bj ineliminai\ woik m dogs bj Pitts,* which 
suggested that mechanisms of ccitam dimctics wcic “competitive^’ while 
others weic “noncompetitive” The fuithci cxplointion of this matter in 
human beings eompuscs the substance of this icpoit 

WVTrmvIS \M> MFTHODS 

Tlic subjects of tlie stutljcs were men with well controlled clironio congestno heirt 
fnilurt due to Inpertcnsnc cardiovn^cutixr iliscn**© \t the time of tlie stud% the 
piticnts pro^inted no dctoctablc edetin Thc\ were iininf lined on the metabolic w trd and 
fed a diet containing 50 iiiEq of sodium ami 3,000 in! of distilled water per 21 hours Tlicir 
aMrigfl J4 hour e\critiou of *<odium w iv 15 niEq in tlie control state On tlie morning of 
the stud\, and until its completion, the patients were not fed Thej drank 1,000 ml of 
distilled water from Cam to 7 a m and 250 ml cicry hour until the studj was comiileted 
Urine, collected in 30 minute iicriods throughout the stiidj, was analyzed for sodium, potas 
‘uum (aiiahzcd bj nlenn^ of a RccKii an 11 imc photometer), chloride ,2 and bicarbonate * Be 
ginning at 7 A and throughout the studj isotonic sodium chloride solution was infused 
iiitra\enoush at a rate of aiiproximatch OiO ^Fq of voilium per minute The purpo-'C ot 
this infusion was to present depletion of bodj stores of sodium which might be reflected in 
decreased unnarj sodium during the latter parts of the studj, especially after potent diuretic 
idmmistration Three diuretic**, mcrilluridc CVrciculiydrm), acctazoleanude (Diamoy), ind 
clilorothuizidc (J>iuril), were idnirnistcred alone and in vinous contbinttioii<i to dctcinunc 
the effects on the excretion of the \arious electrolytes Contemporary obsoriations of glo 
racrular filtration rate (mulin clearance) and renal plasma flow (para aminoluppurato clear 
ance) were made Each «50gnient of this study was repeated 5 times and the results are 
reported is the aicrage lalue*’ In each laluc reported the mean effect is at least 3 times 
the standaid deiiation 

From the Departments of Ale licine and Pharmacoloff\ BnjJor lni\ersit> College of 
Medicine ind the "Veterans Vdininistration Hospital Houston Texas 

Presented in abstract form at the Thirtieth Annual Meeting of the Central Society 
for Clinical Research Chicago >.o\ 2 ISo" 

Recehed for publication Afarch 24 19a8 


53 



5i 


POHD AND BOCIIELLE 


J. Lab. Si Clin. Mecl. 
January, 1959 


After four SO-minute control periods, a sustaining infusion of isotonic sodium chloride 
solution was administered at a rate of 650 /iEq per minute and observations of tlie urinary 
electrolyte excretion were made for a total of 7 hours. 

In order to determine the potency of the various diuretics in producing an increased 
sodium excretion, the next segment of the study was performed. The sustaining infusion of 
isotonic sodium chloride was started. After four 30-minute control periods the various drugs 
were given separately by intravenous injection, and the urinary electrolyte responses were 
observed in four 30-minute periods, or a total of 2 hours. These periods, selected after pre¬ 
liminary studies, revealed that maximum responses were seen in these periods. Although 
an occasional observation beyond this point revealed greater responses, this variation was not 
statistically significant. The effect of acetazoleamide on electrolyte excretion was observed 
at two dosages, 500 and 2,000 mg.; the dosages of meralluride were 20, SO, 160, and 320 
mg. of mercury equivalent*; the dosages of chlorothiazide were 500, 2,000, and 4,000 mg. 

In order to determine the possibility of competitive diuretic mechanisms other observa¬ 
tions were made. The sustaining infusion of isotonic sodium chloride solution was started, 
and after 4 control periods meralluride was administered in a priming dose of 160 mg. 
mercury equivalent (4 ml.) and 100 mg. placed in the sustaining infusion. After a 2-hour 
period, during which time tlie excretion of sodium reached a maximum rate, a 500 mg. priming 
dose of acetazoleamide was given and the observations extended another 2 liours. Several 
days elapsed before the patient was used again as the subject of this study. However, since 
an ample quantity of sodium chloride had been provided during the study the body stores of 
sodium were only rarely depleted by the rather massive diuretic administration. Only rarely 
did a patient complain of muscular cramps, nausea, or diarrhea. In a subsequent study, the 
order was reversed. After a suitable control period, acetazoleamide was administered in a 
priming dose of 2,000 mg., and another 2,000 mg. was placed in the sustaining infusion of 
isotonic sodium chloride. After 2 hours, during which time the sodium response became 
maximal, meralluride (20 mg. mercury equivalent, 0.5 ml.) was administered intravenously 
as a priming dose and the observations continued as before. The purpose of those two 
studies was to observe the possible inhibition of sodium excretion by the second drug given 
after a maximum natriuretic effect had been obtained from the first drug. 

Similar studies were done using meralluride 160 mg. (4 ml.) as a prime and 160 mg. 
as a sustaining infusion followed after 2 hours by 2,000 mg. chlorothiazide as a priming dose. 
Subsequently (on another day) chlorothiazide was given in a priming dose of 2,000 mg. (and 
2,000 mg. sustaining) followed, after 2 hours, by a SO mg. priming dose of meralluride (2 
ml.). 

Similar studies were performed using a priming dose of 2,000 mg. of acetazoleamide 
(and 2,000 mg. as sustainer) followed by 500 mg. chlorothiazide as a prime. On a subsequent 
day chlorothiazide was given first, 500 mg. prime and 500 mg. sustaining, followed by 2,000 
mg. acetazoleamide as a prime. 

A final study was performed using 160 mg. meralluride as prime (and 160 mg. sustain¬ 
ing), followed bj- 2,000 mg. acetazoleamide as prime (and 2,000 mg. sustaining), and both 
of these followed by a priming dose of 500 mg. chlorothiazide. 

In each instance the dose of the first drug to be given was chosen as the one shown 
previously to produce a maximum sodium excretory response for that drug. The dose of the 
second drug was chosen as that one which was most nearly equal in potency (relative to 
podium excretion) to the first drug. However, if the second drug evoked an increased sodium 
excretion, a dose one-half (or even one-fourth) the original dose was used to be certain that the 
factor of potency was not operative. On the other hand, if the second drug failed to evoke 
an increased sodium excretion, either tho dose of the first drug was reduced by one-half (or 
one-fourth) or tho dose of tho second drug was donlded, whichever was more feasible. 

•Forty milligrams mercury equivalent equals 1 ml. 
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The Iic^iponsc to Isotonic Sahne Infusion (Vig 1 }—Under the condi 
tions oX this stiuU the inti<n enons iiilusioii of isotonic sodium chlondc solution 
produced a threefold incitaso in the uiiitni*} c\cietion of sodium (and chloiide) 
i\hich hccainc appaient Mitlim 2 liouis The rate of the infusion Mas ap 
piOMimteh 6’)0 /iCq poi minute ot sodium and the OKcietoij sodium rate 
M«is appioxinntoh 120 /djq pci iniiiutc dm mg: the 7 hours of obsenation 
Bicaibonatc and potassium excretion Mas not altered These patients, at 
though piciioush edematous piesciited no cMdcnce of edema at the time of 
the stud^ and had heon on a modci iteli icstiittcd salt intake foi some time 
Duung the icm under of the da> and on the da^ follouing this pioeediirc 
their sodium cxeietion was natmalU giealci than piioi to the stud> as the 
kidney nas able to excrete slonla the excess salt load presented b} the in 
fusion These data fuinish the bickgiouiid upon uhich is superimposed the 
efTctt of laiious diuicties uiulei identical conditions in subsequent studies 



Pjp 1 —The response In sodium excretion to the infusion of isotonic saline In cardiac 
patients eating a diet containing '»0 mCq solium dnll> Vfter tuo hours the sodium excre 
tion Is falrlj stable during the continuous Infusion of Isotonic saline 

S The Effect of Tluec InUavcnously Afhmmstct ed Dxmelics on the Excu 
tion of Sodium and Other Electj ohjtes (Eig 3) —Dunn" tlio infusion of isotonic 
sodium chloride, the intravenous administiation of 500 mg acetazoleamide 
produced a nia\iinuin sodium cvcietion of 300 ± 45 /lEq per minute (coiitiol 
= 100 - 120) uliilc a dose of 2 000 ing produced a lato of 340 ± 52 /lEq per 
minute illustrating no significant dififeience between these two dosages The 
exoiction late of potassium was about 90 poi cent that of sodium, bicarbonate 
excretion late paiallelcd potassium, and the chloride exeietion lato was de 
pressed to less than the control value The intiavenous administration of 
inciallundc piodnced a sodium excietion of 301 ± 52 /lEq pel minute after 
20 mg meicury equivalent (0 5 ml), 610 ± 72 sftei 80 mg, 1,309 + 120 after 
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ICO mg., and 1,392 ±137 after 320 lug, of ineralluridc. This illustrates a 
significant relationshij) of response in sodium excretion to the dose until the 
160 mg. dose level is passed after which no additional response is observed. 
The excretion rates of potassium and bicarbonate were not altered; chloride 
excretion paralleled the sodium excretion. The intravenous administration of 
chlorothiazide produced a sodium exci-etion of 397 ± 36 ^nEq per minute after 
500 mg., 815 ± 82 after 2,000 mg., and 892 ± 96 after 4,000 mg. of the dmg. 



SODIUM EXCRETION 
(micfoequivotents per minute) 


Tie. 2.—The effect of 3 diuretics given intravenously on sodium excretion. The eom- 
narative bar graphs Illustrate a distinct dependence of sodium excretion upon the dose of 
merallurlde and chlorothiazide but the last two doses show no significant differences. 

This illn-strates, as in the case of meralluride, that there is a significant rela¬ 
tionship of sodium response to the dose of the drag until the 2,000 mg. dose is 
exceeded, beyond tbat further increase in dosage is not accompanied by an 
increased sodium excretory rate. The excretion rate of potassium and bi¬ 
carbonate was increased to about 35 per cent of the sodium I'atc; chloiide 
exei'otiou paralleled the sodium excretion. 

C. The Effcci of Comhinaiions of Mcralhiride and Acetazoleamide on the 
Excretion of Sodium and Other Electrolytes (Fig. 3).—After the administration 
of meralluride. 160 mg. mercury equivalent (4 ml,), as a priming dose and 160 
mg. as a sustaining infusion, there was an increase in sodium excretion from 
a control value of 110 /«Eq per minute to 1,360 ± 170. As the sustaining 
infusion of saline containing the meralluride was continued and while the 
sodium excretory rate was maximum and stable (at the end of 2 hours) the 
intravenous administration of 500 mg. acetazoleamide, prime only, produced 
a further increase in sodium excretion to 1,920 ± 310 ;iEq per minute. Chlo¬ 
ride excretion after meralluride paralleled sodium excretion while potassium 
and bicarbonate were not altered. After acetazoleamide was added, the chlo¬ 
ride excretion rate was I'oduced to only 50 per cent of the sodium rate while 
bicarbonate and potassium excretion rates increased to 50 per cent of the 
sodium rate. 
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In .1 subsKiiunt stuth tlu julniiiiistiatioii of ncil.i/olcnmiclc 2 000 mg 
1)1 nnt «iiul 2 000 mg sustinning piodiKtd in men is( iii soduim c\cictu)ii to 
± 52 /tIJq pti minute n«is iniMinum uid st.iblo it tlu* end of 2 

houis At tins ])()int .i jn lining deist of nutallundc 20 mg (0 5 ml) pioduced 
a fintliti iiKiCiiso to 722 ± 110 ^tJ^q pei imiuite Tlic c\eiction late of bicai 
Ixuiate and pot issiiun attoi ateta/olcimuU ^\as incieastd to about 90 poi cent 
eiC the sodium iat( ^\hlle (blonde e\ti(ti(m was dipiessed below the contiol 
lati Aftei im I illuiidc was added the thioiide evcietioii late iiicieased to 
SO pel tent of the sodium i itt while hicaiboiintc and potassium cxciction 
I ites w(.ie not altcitd fiom the onginn) aceta^olcamidc elTc(t 
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D The Effect of Combiiintioiis of McinUuiule and Chtoiothmztde on the 
Exaction of Sodium and Othei Electiolytes (Fig 1) —Aftei the administration 
of ICO mg iiicicuij e(^ul^nlent of meialluiide (4 ml) as prime and 100 mg 
as siistanimg, the sodium e\eietion iiicicascd to 1,300 ± 170 /lEq pci minute 
iihieh was iin\inium and stable at the end of 2 horn’s At this point a piiming 
dose of 2,000 mg ehloiothiaride piodticed a fuithei increase in sodium e\cie 
tion to 1,732 lOS /illq pei minute The chloride cscietion late iias ineieascd 
aftei meialluiide to paiallcl the sodium late ivhilc hicaibomte and potassium 
«eio not alteied Aftei chIoiothn,!ide ivas added, hic.srbonate and potassium 
oseietion lates Mcie iiicieascd to about SO per cent of the sodium rate mIuIo 
the chlonde excietioii late iias onij 60 pel cent of the sodium rate 

In a subsequent stud} the oidci uas icrcised so that a 2,000 mg pinning 
dose and a 2,000 mg sustaining dose of chloiothiazide produced a sodium 
escietioii ol 860 ± 92 gCq per minute uhieh iias maximum and stable at the 
end of 2 houis At this point a piiming dose of meialluiide, 80 mg meieui} 
equiialeiit (2 ml ), pioduced no fuithci ineieaso in the rate of sodium cxcio 
tion (780 ± 82 pEq pel ininutc) Aftei the chloiotliiazide admimstiation the 
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c\ctction late of potassium and bicarbonate Mas iiicicased to about 35 per 
cent of the sodium latc nhilc chloride c\ciction paiallcled the sodium e\cre 
tioii AVhen meialliiiidc Mas added no significant changes in potassium, 
chloiido 01 biearboimtc iieie obscucd 

r The Effect of Comhinalton't of Acclazolcaiiudc and C'Idoiollnaztdc on 
Etcctrohjtc Excretion (Eiq 5) —^The administration of 2,000 mg of aeetarolc 
amide as a piimc and 2,000 ing as a sustaining dose produced a sodium e\ 
tiction of 345 ± 52 Jici minute iihieh was inaMimim and stable at the 
cud of 2 houis At this point, a 500 mg piiniing dose of chlorothiazide pro 
diiecd an additioinl incieise in sodium o\iiotion to 720 + SS itEij pei minute 
In a subsequent stiidv the oidci «as leicrscd so that 500 mg of both a 
ininiiiig and a snstaining dose of chloiothiaridc, piodiiced a sodium cvcretioii 
of 442 ± 05 pEq pei ininiito nhich iias iin\imuni and stable at the end of 2 
horn's At this point, a 2,000 ing piiming dose of aectaroleamide pi educed no 
furthci iiicicasc in sodium cxeiction (380 ± 51 nEij jiei inmiite) 



pjj. 5 —The effect of comblnatfons of acetazoleamlde and chlorotlilazlde on chloride 
and bicarbonate excretion Chlorothiazide decreases the bicarbonate response produced bj 
acetazoleamlde but augments chloride 

To furthci elaborate on this situation a single typical study of the ex 
eietion of bieaihonato and cliloiidc nndei the same conditions is picsented in 
Fig G Aftei the priming and sustaining doses of acetazoleamlde, hicaihonate 
exciction late iiicieases to 320 Mhilc the ehloiide cvcietion late is 20 gEq 
pci minute (contiol hicaihoiiatc nas less than 10 and ohloiido less than 40) 
After ehloiothiandc Mas added as a piiine (in tlie same stiidj) hicaihonate 
exciction dioppcd to 220 and chloiidt iiicieascd to 190 /<Eq pci minute In 
a subsequent stiidj, Mheii chloiothiazidc Mas adiniiiistcied fiist, bicaibonate 
excretion incieascd to 220 and cliloiidc to 230 gEq pci minute Houeier, 
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CNcictiori late of iiotassmm iml biciibonitc was increased to about 35 pci 
cent of the sodium i ito ddondc evcictiou paiallelcd the sodium cvere 
tion AVIieii mcialluii(U is added no significant changes m potassium, 
cliloiidc 01 inciibointc weit obsiucd 

Jj llic of Comhiuniions of Acctazolcamulc and Chlorothiazide on 

J'lcctrohjtc VxcicUon (Tig 3) —The administration of 2,000 mg of accta/olc 
amido as a pumo and 2 000 mg is a sustlining dose pioduced a sodium c\- 
tiction of 34 ) ± 52 /tl'q pn inintih ulneli uas in i\nnum and stable at the 
end of 2 liouis At tins i»oint i 500 ing pinning dose of chlorothiazide pio 
duced an addition il iiKieisc in sodium oMiolion to 720 ± 88 /xlhj pci minute 

In a subsccpicnt stud\ the oulei w is icicrscd so tliat 500 mg of both a 
piiming and a sust lining dose ol (hluiotluazidc pioduced a sodium cvcrction 
of 442 ± G5 /tUq pci minute mIihIi w is hi i\imnm and st iblc at the end of 2 
hours At this jioint a 2 000 mg pinning dose of ai ctn/olcamidc pioduced no 
fulther incicnsc in sodium c\ci(tioii (3^0 + 51 /Jai jici minute) 



ucel izoleainlde but augments chloride 

To furtliei elaborate on tins situation a single typical study of the ex 
cretion of bicaibonatc and cbloiule uiidci the same conditions is piesented in 
Fig G Aftei the ])iiming and sust lining doses of acetazoleamide, bicaibonatc 
exciction lato ineicases to ".20 uhilc the ebloiide cxcietion late is 20 pKq 
poi minute (contiol bicaibonatc uas less than 10 and chloride less than 40) 
iVftei chloiotliiando uas added as a piimc (in the same studj) bicaiboi ate 
esciction dioppcd to 220 and cbloiidt iiicicased to 190 p.Eq pci minnti In 
a subsequent studj, uben cbloiothiande aias administered fust, bieaibonate 
excretion inci eased to 220 and eliloiidc to 230 /.Fq pel minute Houeici, 
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after acetazoleamiclc was added as a prime (in the same study) bicarbonate 
excretion rate was then 200 and chloride 200 /lEq per minute. Potassium 
excretion (not graphed), in general, paralleled the bicarbonate excretion. 

F. The Effect of Combinations of Meralluride, Acetazoleamide, and Chlo¬ 
rothiazide on the Excretion of Sodium and Other Electrolytes (Fig. 7 ). —The 
administration of meralluride, 160 mg. mercury equivalent (4 ml.), as a prime 
and 160 mg. as a siistainer produced a sodium excretion of 1,360 + 170 /^Eq 
per minute which was maximum and stable at the end of 2 hours. At this 
point, 2,000 mg. acetazoleamide, both as a priming and a sustaining dose, 
produced an additional increase in sodium excretion to 1,742 ± 182 /^Eq per 
minute which was maximum and stable at the end of the second 2-hour period. 
At this point, a 500 mg. priming dose of chlorothiazide produeed a third in¬ 
crease in sodium excretion to 2,249 + 240 /tEq per ininute whicli was maximum 
and stable at the end of the third 2-hour period. 


PRIMING DOSES 


MERALLURIDE AC ETAZOLAMIDE CHLOROTHIAZIDE 


2000 mgm 


500 mgm. 



TIME IN HOURS 


ISOTONIC SODIUM CHLORIDE 


[MERALLURIDE 160mgm Hg 


I ACETAZOLAMIDE 2000 mgm. 

SUSTAINING INFUSIONS 

Fip. 7.—The effect of a combination of meralluride, acetazoleamide, and chlorothiazide on 
.sodium excretion iliustratinpr noncompetitive mechanisms. In spite of maximum sodium re- 
•sponses from meralluride and acetazoleamide, a small dose of chlorothiazide produces a third 
increase in sodium excretion. 


The excretion of potassium was similar to that observed in previous studies 
and, in general, paralleled bicarbonate excretion. The excretion of bicarbon¬ 
ate was similar to that in previous studies and generally increased after 
acetazoleamide (3.5 per cent of the sodium rate) and declined after chloro¬ 
thiazide was added to only 25 per cent of the sodium rate. Chloride excretion 
was also .similar to that in previous studies and, in general, increased after 
meralluride to a degree similar to that of sodium. After acetazoleamide was 
added, chloride excretion rate decreased to about 50 per cent of the sodium 
rate. However, after chlorothiazide was added the chloride excretion rate 
once more increased to about 70 per cent of the sodium rate. 

(r. Renat Hemodynamic Eff'ects. —Oontemporai-y observations of glomeru¬ 
lar filtration rate (inulin clearance) and renal plasma flow (para-aminohippu- 
i-atc clearance) revealed no significant changes (data not presented). 
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Tlu' sMitlit'sis and axidoiatiim of \ai\inii clunnical compounds nitli diu- 
ictic action lias encomapod speculation roiiccininj; thcii mcclianisms of action 
Admittedly, fliis atc.i of man’s knowicdiie is woefully inadequate due to in- 
suflicieiit techniques foi- stud.v ilistocliemical studies haic fuinishcd ceitain 
hits of infoiIllation implicatiii" specilie cn/jiiic system inhihitioii hy meicuiial 
diuietie theiapy Also, the ahility of sulfoiianiides and othei agents to inhibit 
the eaihoiiic anhydiase sisteiii is faiilj well documented hy in ^itlo studies 
These diug effects inhihit souiees of eiieigy foi the activation of the ion e\- 
change mechanism for sodium nahsoiption Although this iiifoiiiiation is 
valuable, it is incnni]ilete and, fuitheinioie, does not iieeessaiily desciihe the 
specific cleitiolytc cscietioii effects to he expected from specific enzyniatie 
inhihitioii 

The puiposo of this study thciefoio, is to piescnt iiidiiect evidence con- 
ecining the mechanisms of action of 3 giou))s of diuretics If one pioeecds 
with the h.vpothesis that the piimai.c action of diuietics is to inhibit the icnal 
tubular icahsoiiitiou of sodium, changes in uiinai.v .sodium iiia) affoid iiidiicct 
ctidcnce of diuietie action lAiitheiiiiore, the iclatioiishiiis of the uiinaij 
excretion of taiious other electiolytes, especially potassium, chloiide, and bi- 
caibonate, under conditions of diuretic thciaiiy may affoid additional iiiccha- 
nistic information The concept to be tested iniolvcs the “satuiatioii" of the 
hypothetical leeeptor site, or the inhibition of one leiial tianspoit meehaiiism 
hy the fiist diug to he followed hy the second ding administration, and the 
ohsenatioii of subsequent changes in sodium excietion Dosages of the 
“second” dings woic selected to avoid the factoi of potency (sec Jlatcrials 
and Jfethods). If the second (or thiid) diug effected an additional iiiciease 
in sodium excietion, one might speculate that a second (or thiid) leceptoi 
site or tianspoit mechanism had been affected If the second (oi third) diug 
failed to effect an additional inciease in sodium excietion, one might spccuhate 
that the receptor site or tianspoit meehaiiism of the fiist diug had heen “satu 
latcd” and that the second diug had no other site (or mechanism) thiough 
which to act and that their mechanisms weic “competitive.” 

The lesults of this study suggest that the mechanisms of action (I enzyme 
sjstem inhibition) of mcialliiiidc and acetazolcamidc aie diffeient or non 
competitive This conclusion is based on the significant inciease in sodium 
excietion following the administiation of acetazolcamidc after a maximum 
excietoiy late of sodium c.xcretion has been piodiiced by meialluiide as a 
piiming injection and dining the continued administiation of meialluiide as 
a sustaining infusion Additional ciidcncc is fuiiiished by the icsults of the 
study ill wdiich the older of diugs is icseised. A similar effect is obscivcd 
when aectazoleaniide is administeied as a pinning inicction and sustained 
thioiighout the study. Although an equipotent (or less) dose of meialluiide 
is then injected, theie is still an nicicasc in sodium excietion. In othei woids, 
massive doses of either aecta/olcamidc or iiieralluiidc cannot “block” the 
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cllVct of .snb.s'cqiieiit doses of llio other dnijr (loei-iJlurido oi' fieo1:izt)]e;iii)ido) 
oil the excretion of sodium suggesting that a second receptor site has been 
acted u])ou, a second renal transport mechanism inhiliitcd. 

A slightlj'- ditferent conclusion must be drawn concerning the relationships 
of mcralluridc and chlorothiazide. Since chlorothiazide can further increase 
the excretion of sodium even after a maximal effect has been produced by 
meralluiide, another mechanism or receptor site appears to be involved. The 
converse is not true, however. After a maximum effect has been produced 
by chlorothiazide, the addition of meralluride cannot further augment sodium 
excretion. This suggests that chlorothiazide and meralluride share a single 
mechanism of action or receptor site (for transport inhibition) but, also, that 
chlorothiazide can augment sodium excretion by inhibition of another trans¬ 
port mechanism. jMeralluride apparently can augment sodium excretion by 
inhibition of only a single sodium reabsoi-ptive transport mechanism. In other 
words, chlorothiazide can “block” the effect of subsequent doses of mcrallu- 
ride but meralluride cannot “block” the effect of subsequent doses of chloro¬ 
thiazide on the excretion of sodium. 

The relationships of aeetazoleamide and chlorothiazide reflect a somewhat 
similar situation. Although chloimthiazide can further augment sodium ex¬ 
cretion even after a maximum effect has been produced by aeetazoleamide, 
the converse is not tnie. This suggests that these two drugs share one mecha¬ 
nism of action or receptor site but that chlorothiazide can exert its effects 
through yet another mechanism. In other words, chlorothiazide can “block” 
the effect of subsequent doses of aeetazoleamide but aeetazoleamide cannot 
“block” the effect of .subsequent doses of chlorothiazide on the excretion of 
sodium. 

That chlorothiazide does not necessarily use the “aeetazoleamide mecha¬ 
nism” when blocked bj' meralluride and the “meralluride mechanism” when 
blocked by aeetazoleamide, is indicated by the results of the final segment of 
this stud}'. Although lioth transport mechanisms have been inhibited by the 
prior priming doses and continued sustaining doses of both meralluride and 
aeetazoleamide, the subsequent injection of even a small dose of chlorothiazide 
evokes a further increase in sodium excretion. This suggests that chloro¬ 
thiazide actirity cannot be “blocked” by meralluride or aeetazoleamide 
(singly or in combination) although it is capable of “blocking” both of them. 
This may be considered indirect evidence that chlorothiazide produces its 
effect in inhibiting the renal tubular reabsorption of sodium by a third mecha¬ 
nism of action which is noncompetitive with the mechanisms of action of 
meralluride and aeetazoleamide. That this may indicate a greater range of 
activity of enzyme binding throughout the nephron by chlorothiazide must be 
considered, but the data at hand do not permit us to differentiate this point. 
It must bo emphasized that these changes were obseiwed without eontemporary 
changc in renal hcmod}'namics (glomerular filtration rate and renal pla.sma 
flow). 
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Tlic lol.itionsliips of othoi unnaiy clcetiolyfcs, sucli as potassium, chloiidc, 
and bicaibonatc, lend fuitlici support to these conclusions Detailed dcsciip 
tioii of these changes Iia\o lieon omitted fiom the discussion since the piimaij 
coiisidciation of the inomeiit is that of dhiietic action A\hich wo consider to 
he primarily natiiuictie 


su^nriRi 

Indiicct evidence conccinmjr the mechanisms of action of mcialluridc, 
aceta^oicamide, and cidoiothiafide as dhirctks has been i>resentcd in data 
consisting of the urinaiy cNcretion of sodium, potassium, chlondc, and bicar* 
bonato The piimaiy action of these diuu ties is the .augmentation of the icnal 
CNciction of sodium 

The data suggest that the mechanisms of action of mcralluride and ace 
fazoleamidc are noneompctiti\c and different, ie, diffcient “icceptor sites” 
are acted upon or different renal liaiispoit mechanisms foi the icabsoiption 
of sodium aic inhibited 

The mechanism of action of meialluiide is competithe %nth that of chio 
lothiazide (the same). Vet, chloiothia/idc appaicntly can act thiough anothci 
mechauisui \\Iucli is noncompetitive ^^ith mcralluride but another mechanism 
is appaicntly not available to meialluiide 

The mechanism of action of ncctazolcamidc is competitne with that of 
chlorothiazide (the same). Vet, chlorothiazide apparently can act through 
another mechanism nhich is noncompetitive nith acetazoleamido 

The third meehanism of action as a diuretic c\emplificd by chloiothiazide 
cannot be inhibited by the coiicuncnt administiation of mcralluride and nee 
tazolcamide, ie, the lecoptoi site (foi the inhibition of renal leabsoiption 
of sodium) of chlorothiazide cannot be “satuiated” bj mcrallunde or ace- 
tazolcamidc. 

This additional mechanism of action of chloiothiazide may imply involve 
ment of another ciizjmc system or it may implj a greater range of aetnity of 
chloiothiazide thioughout the ncphion 

M 0 e\pre‘<s our sincere gr'ititmlc to Drs Robert Pitts, Karl Bejer, and Carroll llmdlej, 
for their renew of this manu'-cript .ind for liclpful comments 
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I’lj? .! shows tin usiill <il an (\)Miiniiiil in wlinli a iniulnl jnolcin ami 
lilood seuim samiik wtio inseiloil in tin s^iirn ml si ih and snhiected to cloc 
tioplioiesis I’aiotid comiionents I and lit tsininted migiations ■nimlai to 
sennn albumin and beti "lobnlin itspcUncb Howcmi, mfoiniation gained 
in such an espeiimcnt would seno nicicli as a guide to isolation and pre 
paratuc procediiies leiding to absolute toinpaiatne idintification of paiotid 
< oinpolieiits I and III 
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l-iff 3—PliotogTapli nnd expl'initorj dlaprim of a pel slab In ^^hIch parotid saM\a protein 
and blood scrum wore subjected to eicctroplioresis concornilanilj 


DISCUSSION 

Control of paiotid anniasc action on the staich gel suppoit -was accom 
plishcd in an acceptable fashion l»t cinplotiiig a ielati\el> chloiidefiee piotein 
sample as a result of tlie acetone piecipitation method, and electrophoresis 
nins at low tcmpeiatures ^\ltll incieased potential gradients Some amthse 
actnit-v usiia]J\ oeciiiied immcdiatclA off the point of sample inseition to^vard 
the cathode It ^\as of such an oidei, lio'v\e\ei, as to ha\e no deleterious 
effect on the suppoiting medium and, in turn, on the migration of the faster 
mo\mg cationic components 

Changes in the plnsical piopcities of the starch gels aftei staining and 
\\ashing prevented tlie acciuate mcasuicment of migiatiou constants And 
tlic indirect method of obtaining concentiation cuives from standaidized 
photographs of the stained gels ■^^as consideicd of little qinntitatne %alue 

Among the advantages of the method are (1) simplicitj and convenience, 
(2) reduced volumes of native paiotid secretion (piotcin) required, (3) pos 
sibility of characteiization of distinct components bv specific color reactions 
01 application of ladioaetivc isotopes and (4) alnlitv to isolate various pro 
tern components for fuithci biologic classification 
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SUMMARY 

A method for separation of parotid saliva pi’oteins by zone electrophoresis 
in stareli gels has been presented. It was found simple, convenient, and free 
from the great technical requirements of classic boundary electrophoresis. 

A study of 10 samples of parotid saliva subjected to electrophoresis by 
the present method revealed reproducible protein migi-ation patterns. Nine 
to twelve protein components were regularly resolved. This finding was in 
good agreement with those reported in which boundary electrophoresis was 
employed. The majority of components migrated as cations at pH 8.4. 

Two parotid protein components were observed to migrate in the fashion 
of blood serum proteins subjected to similar electrophoretic conditions. Abso¬ 
lute identification of these parotid components on a comparative basis awaits 
further inve.stigation. 
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REIiATIONSIITP OP EQUILIBRIUM OP DISTRIBUTION, BIOLOGIC 
DECAY RATES, AND SPACE AND MASS OP CPL AND Rb''« 
OBSERVED SlilULTANEOUSLY IN A COMPORT VBLB AND IN 
A HOT AND IIUJIID ENVIRONMENT IN CONTROL SUB 
JECTS AND IN PATIENTS WITH CONGESTIVE 
HEART PAILURE 

C T Rn MD,*^am> 0 E Bt ncir, M D 
Nnv Ownws L\ 

I N ORDER to stuch the demands placed on the \ascular «;\stom bN thcimal 
legiilation in a liot and liumid cmnomnont, daih clinical studies ^^elc 
made of nnselccted patients admitted to adjoining wauls at tlic Chaiit\ IIos 
pital, one was maintained at eomioitable conditions witli an conditioning 
and the other was exposed to the hot and Immid onMionmcnt ol Now Oileans 
in mid summei In most instances c\en thougli the patients’ impiession 
and oidinni\ clinical obscnations leadih ooinnucd the chnicnn of the imiKed 
benefits of the comfoitalile on\nonment such impiessions wcic not substan 
tiatcd b\ diffoiencQs m the pulse latcs chaiactoi nuel latc of icspuation blood 
pressure, bod^ tempcntuic, and otlici plnsiologic phenomena lictwcon the 
two groups Since a hot and humid ciniiomnont piofoiindh influences sweat 
mg and wafci and eicctiohte intake as well as othci phenomena conecined 
with thcimal regulation, tlio details of ccitain aspects of electiol\te and watei 
metabolism weic imcstigated b\ tiacci methods nlrcad^ in use in this labo 
latoi*} to Icain tlie influence of these two t\pcs of enMionmcnts on sick people 
Control subjects without disturbance in watci and cicctiohtc nietaliohsm 
wcic obse^^ed along with patients with cluonic congestne hcait faihue 

Tritium, Rb®*', and CP weic employed simultancoiislj as tiacci's along 
With deteiminations of stable elcctioljtcs undei controlled metabolic condi 
tions In addition, the ospoiiments were also designed to elucidate watei and 
electroljte metabolism in man b> simultmeoiis obscnations of the 3 tracers 
and nontiacei elements 


JIETIIODS \ND MATERIVLS 

Ten Ne^ro wonien (sec Inlile I for clinical data) woio studied under controlled 
metabolic conditions in the ^>ard8 of Chant} Hospital during the hot and humid period 
of Jul} 9 to Aug 3, l^oG ri\c subjects >>ere injected siinultancousl} with Cisc (as 
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K'aCI), Eb'^'! (as Ebsi'Cl), and IP (as IPOII) in doses slioun in Table I. iletabolie data 
included intake and output of K", ttP"', Na->, and nater. I’reMous studies had shonn 
the loss of chloiide, .sodium, and piotassiuni in notmal stools to be negligible,!. - and there 
Here no instances of diarihea ainoii" the .subjects in this .study. Body Height nas reeoided 
each morning for all subjects v.Uen the clinieal state pei nutted. 


Table I. Cli.vical Data on the Five Subjects Studied 


1 



DOSE 

OP ISOTOPE.S 1 


PATIENT j 
NUMBER ! 

AGE 1 

(YU.) 1 

DIAGNOSIS 1 

C130 

(MC.) 

(mc.) j 

H3 

(MC.) 

TREATitENT 

1 

40 

Control, 
conv alesceut, 
upper respiiatory 
infection 

0.026 

0.031 

3.740 

None 

o 

50 

Control, 

tuberculous 

arthritis 

0.027 

0.663 

4.104 

Streptomycin, 
sodium paia-amino 
salicylate, body and log 
cast 

o 

52 

B.H.D., 

C.H.P. 

0.020 

0.481 

2.903 

Digitalis 

mercurial diuretics 

4 

52 

A.S.H.D., 

H.n.D., 

C.H.P. 

0.027 

0.062 

3.7S0 

Digitalis 

mercurial diuieties 

5 

Oo 

A.S.H.D., 

C.H.F., 

empyema, 

pneumothorax 

0.026 

0.042 

0.S52 

Digitalis 

penicillin 

thoracentesis 


Key to abbre\ lations • A S H.D. = arteriosclerotic heart disease; H H.D. = hypertensive 
heart disease; R.H.D = rheumatic heart disease; C.H.P. = congestne heart failure 


Samples of blood were collected daily at SidO a.m. prior to eating; one aliquot ■was 
collected under oil for studies of the plasma and another aliquot Has used for studies 
of whole blood. Studies ou the plasma included mensuiements of CBc, Ebso, H^, CD", 
Na='’, K''’, creatinine, and osiuolarity. Studies ou the nhole blood included measure¬ 
ments of CPc, Ebsc. H3, Xa=3, Koo, and hematocrit. The concentrations of Cl’c, Eb‘*s, 
and Hi in the erytlirocytes aero computed by the following equation: 

_ tiffs ~ (I ~~ H) Cp 

t « - J£ 


alicrc Cn = the concentration of tlio substance in erythrocytes; Cffs = the concentration 
of the fiihstancc in ahole blood; Cp = the concentration of the substance in plasma; 
jj = the hematocrit. 

The urine a as collected under toluene from S;00 -V.M. to S;00 A.M. of the folloa-ing 
(lav The volume of urine a as recorded along aitli specific gravity. pH, osmolarity, and 
Xa-i Eb'c. Kn. H^. and creatinine. 

All samples of a hole blood acre Inked by froemng and tliaaing before radiometric 
or chcmic-il annbses were made. Sodium and potassium content of aliolo blood, sonim, 
•iial urine v'Ci determined bj flame photometry, chloride by the method of Schales and 
Schalcs.i o-molarity of serum and urine by the Kiske osmometer, and eroatiiiiiie by the 


lucthoil of Haugen. 

The cowcatrations of Kbs- and Cl’e acre determined by the method previously 
.. Popatal'*”' isotopes in the .same .sample aas achieved by count- 

._..... ,.*• *1... __*1..^.,_....__ nnn t_. , 


liescTiu 


iuK 


few Imui'coHeetiou of the samples and then recounting 200 days later after 
^ yed. Eadio.ns.jn for tritium was preicdcd by distillji«s~the 


the Eb*t 




■ T 
t 
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^^llolo Mood, iinno Tiid •'Ormn Tt **0“ to 100® C The distillito tontiinid no Cl'' 
l{n(hon‘^^'l^ of the tntimn in water distillate was done with a I^neknrd TuCaih 

liqmtl M intillation counter* 

The sulijocts were dnided into equal groups one group was obsor\ol in the com 
fortahlc air conditiomd ward (mean temperature 74 7* P, range 70 1® to SO J® I and a 
mean rolatne hmnidit^ of 714 pi r ctut with e\tremes of Op jtcr cent and (50 per cent), 
and the other group was m a subtropical siiiiiiiier eiiMronmciit of an ordinar\ ward in 
Tuh T lie a\crnge dail\ ttiupornturc recorded twuc dniU on the ward was SdS® F 
with a rchiti'O limmditi of i J 0 j er iiiit lor the perioil of observation the ^\cathor 
Fare ail rej orts revealed a nicaii temperature of 83 4" F range 01® V to 00 ® F, and a mean 
relitivo humidity of SO 0 per cent, rmgc 98 per cent to 47 jier cent The niaxinmiu 
<lailv temperature was 000* }■ or greater on 21 of the _0 (lavs of observ ition At tlic 
end of approMni itolv 2 weeks the subjects were changel to the other envnomnent 

Itf SUI IS 

Tot comemeiice of jiicsentation the icsulls siimmaii/cd in Tigs 1 to G 
«ind Tables II and III ai( dnidul into 3 sections cqiiilibuum of distiibu 
tion, biologic dcca^ latcs, and measuiemcnts of space and mass 

Cquihbnum of Di-iinbutton —PicMous cxponincnts * indicated that it 
was not possible to detcimino in intact man the moment at which cqiiilibiium 
of distiibiitioii of ladioolcnionts is established Since onI^ a limited niunbei 
of isotopic tompaitmciits of the bod\ could be simplcd simultancoush, ccpiilib 
Hum of distiibutioii ot Ilb'', and IP was estimated fiom the following 
(a) the Constance oi slope ot the couccntiation tunc coui'sc cuncs of the 
tracois, (b) the constanc\ ot the magnitudes ot the calculated space and mass 
of the nontiaeci okmouts, and (<) the specific aeti\it-\ of inoic tlinn one coni 
paitiiicnt, nameh, jilnsma and cntluocites foi Kb** The \alucs noted below 
wcic denied fiom tlicso 3 methods 

Radiochloiidc Eqiiihbiium of distnbution of CP'' piobnbh did not occiu 
until at least 3 to 4 dais following injcetion of the tiacoi (Tigs 1, 2, 3, 5, 
and 6) Tlieie weie no detcetablc diffcicnccs between compaiablo subjects at 
diffcicnt cmiionincntal tcmpciatiucs, howc\ei, tlie piescncc of congestive 
heait faihiie tended to delav the development of cquilibnum of distnbution 
of CP*’ in both ciiv iioiiments 

Radioi iihidiwn It is piobable that cquilibnum of distribution of Rb*® 
was not established at aiiv time diiiiiig these obsenations and ccitainlv not 
foi the initial 7 to 11 dav's Tins was suppoited bv the fact that the concen- 
tiation of Rb”® in the eijthiocvtcs was jneieasiiig while that m the plasma 
v\as declining foi the fiist 7 to 11 davs aftci the injection of the tiacer No 
effect of env iioiimcnt oi congestive lieait lailuic could be detected in these 
eonccntiation time couise cuivcs of Rb®® 

TnUum TJic concciitralion time course of tiitium in plasma and ervth 
loevtes showed that cciuilibiium oi distnbution v\as established vnthin 24 

•Tlie authors wi>?h to ex|3res«» tlicir appreciation to Drs Leon Jacob'ion and George 
Okita and as'jociates Univei^-ity of Chicigo School of Medicine fot the 11*50 of theii labor vtoij 
facilities for counting the trjliuin samples 
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liouis. Since equilibrium occurred in all cases before the first samples of 
blood were collected, no effect of environment or congestive heart failure could 
be noted. 

Comment: The subjects were allowed to drink water as desired and eat 
a regular diet of known electrolyte content. The daily intake of the nontracer 
material was sufficient to exceed the increased requirements produced by the 
stress of the hot and humid environment so that the influence of the environ¬ 
ment was not made evident in the rate of development of equilibrium of dis¬ 
tribution of CP°, Rb^®, and H^. Had the intake of nontraeer materials been 
inadequate to meet these increased demands with resultant functional seques¬ 
tration of electrolyte compartments in the body, then impairment of the devel¬ 
opment of a state of equilibrium of distribution might have been expected. 
Congestive heart failure, on the other hand, with impairment of the steady 
state of metabolism for CR“, Rb®“, and might be expected to interfere with 
equilibrium of distribution. This was evident for CR“ only. 



I'igr. 1.—Biologic decay rates ot Rb« Cl“ and H’ in Subject 5 with congestive heart 
fiiiluro. The concentration-time course cur\’es are shown for Rb®® in the erytlmocytes anci 
•'^erum. Cl*^* in tlie serum, and in serum in that order from above downward. The ordinate 
is lopranthmic in this and subsequent flgrures. The numerical value of concentration of t^se 
radioisotopes Is not shown since onlv the rate of decline in concentration is considered. The 
vertical line indicates the day of study on which the environment was changed. 

Since Rh'“ entered the potassium metabolic pool in the body, the isotope 
became predominantly intracellular. Thci-efore, unless the hot and humid 
environment or congestive heart failure camsed sufficient alterations in the 
rate of the metabolic proce.sscs of in cells, the environmental conditions 
would not be cxiieeted to modify the rate with which equilibrium of distribution 
of Rh“'' wa.s approached. The slow rate of exchange of some of the cellular com- 
])artment.s is reflected in the time required for the concentration of the Rb^“ to 
reaeii a maximum level in the erjAhrocytes. The importance of the slow rate 
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of uptake ns a\c1! as the la«j in lelcnsc of mtiacellulai clcctioljte back into 
the plasma in estimating the time of cquilibiium of distiibiition has been 
piCMoush indicated ® " As long as the time coiusc tui\cs of “specific actm- 
t^ ” in difTcrcnt compartments aic not parallel cquilibimm of distiibution 
cannot exist ruithennorc, lags in exchange of the tiacei lesult in inconstant 
calculated \ allies for space and mass a\ilh tunc TJie dependence of the con- 
centiation ot Kb'“' in the plasma on the “feedback" fiom cellular compait 
ments in gcneial is indicated b^ the paiallel decline in concentration of Rb^** 
111 the plasma and Ol^thloc^tcs in the latfci pait of these cxpciimcnts (Figs 
1 to 3) 

Tiitium nas studied in ti\o compaitmcnts, plasma and cnthioc\tes Thcio 
Mas no diffeienco in coiiccntiation of IF in these tuo compaitmcnts ba the 
time the fiisl sample of blood was withdiawn, ic, 20 to 22 hours aftci in 
;)ection The concentration tune coiusc of IP in plasma ic\caled a constant 
rate of decline fiom the fiist mcasuicmcnt thioiighout the dmation of these 
experiments Since thcie weic laigc immcasuied extiauiinan losses of watei 
Ma skin, rcspiiaton tiact, and stool, the xalucs of IP space show a continuing 
expansion Thcicfore, a tunc coiusc cm\c of space and mass of PI 0 was not 
satisfacton foi estimating tlic time at which cqnilibuiim of distiibution dciel 
oped 

Numoious studios of the tunc icquiicd foi cqiulibuum of distiibution of 
deuterium and tntium to decclop m animals ha\e been reported”**’ Theic 
is corisidctablc c\idcncc that cquilibiium of distribution of IP dc\elops rapidh 
in man, althougb icn little published data are based upon experiments ex 
tending as long as 24 horns aftei injection of tlic tiacci The lapid latc 
at which equililiiium of distiibution of the isotopes of Indrogen deielops m 
dicatcs its distiibution is piimaiih with the Indiogcii of the watei of the 
bod\ The exchange is slow with the other indrogen atoms of the bodj ** ** 
In chemical leactions imohiiig hjdiogcn such as in enzjmiatic sjstems, 
there is piefeicnce foi ordinan Indiogcn o\cr its two heaMCi isotopes*^” 
10 32 34 35 ipjjg amount ot heaw isotope iinohed in such chemical linkages 
IS a ^el■J small portion of a single injection, piobalih not amounting to o^ci 
1 5 to 2 per cent of the total dose Since such a small amount is imolved 
111 slow exchanges, in both incoipoiation and in release fiom relati\eh stable 
chemical bonds, the effects of the isotopes aie not CMdent m tiacer studies 
of this tjpe 

Biologic Decay Bates —The biologic decaj rates weic deteimined as pic 
Moiislj deseiibcd*' * Ct^ iallies weic obtained for 5 subjects and was 
deteiminod toi 4 snbiects These paiaincters ln\e the following connotations 

Ci^ rcpiescnts the lengtli of time icquircd foi the concentration of the 
tiacei to decline to one halt conceiitiation in the compaitment concerned at 
am tunc following eqnilibnum of distiibution Cy \alues m these experiments 
wcie dcteimuicd foi the plasma compaitment foi CF^ Rb®*', and II® and in 
the ei\thioc\te compaitment foi Rb® Uy lepiesents the length of time ic 
quired to reco\ci one half the administered isotope in the mine 
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Control Subj No t Control Sub/ No 2 



Fig. ‘2. —r.ioloplc decay rates of Rb’^, Cl®^, and IT* and metabolic balance data on 2 
control subjects The concentration-time course curves are presented as in Fipr. 1. In the 
lower portion of the prraph the per cent remaininfi: in the body (not recovered in the urine) 
is expres.'jod as a percentage of the injected dose of radioisotopes. In the portion of the 
graph showing electrolyte and nater balance intake is indicated by columns above the base 
lino, urinary outrnit by columns below the base line, and balance by the solid columns. When 
balance was positi\e. the solid column is above the base line. The ordinate value for the 
cumulative balance is twice the values for the other balance data. 
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•CTicuHtel fioni tilt pirt of tlic concentrttion tlnio coin«c ciir\e uhich followei tli 

PO ik 

tThls aipnlflos flffiireH calculated utthout morcuij 
tincomplete unne collections 

Ifa(hochIo}i(lc The and U.^ Aaliies foi thloiide \\cie less for the con 
tiol subjects than foi the subjects with tongcsti\c heart failine There was 
no definite effect of the two cmiionments on these parameters for CP® in 
an\ of the subjects studied !Most of the chloiide e\cicted b\ Subject 3 was 
in response to meiciinal diuictics so that effects of the cmiionment conld 
lia\e been masked (Fijr 3 and Table II) 

Comment Tlie influence of the daih intake of CP^ on biologic dccaN 
lates of CP® has been deinonstiated pic\io«sl\ ^ ^ Wlien the subject is in 
a ste^d^ state, the Ct/ ma\ be estimated fiom the mass of stable element in the 
bod\ and the dietan intake In these expeiiments the daih intake \aiied 
fiom 213 to 3 59 per cent of the a^oiagc amount of stable element calculated 
to be in the bod> (Table III) The piedictcd Cj^ ^alues foi CP*' m the plasma 
foi Snliieets 1, 2, 3, and 4 were 20 0, 23 2, 19 3, and 32 6 da}s lespeetnelj, 






















7G 


RAY AXD BURCH 


J. Lab. S. Clin. Med. 
January. 1959 


■while the obsei-vecl values wei’e 14.9, 18.8, 22.8, and 28.0 days, respectively. 
Those .subjeet.s, e.specially those with congestive heai't failure, were not in a 
steady .state since body weight changed. 

CHF Sub/ No 3 CHF Sub] No 4 



Fir^. 3.—Biologic decay rates and metabolic balance data on 2 subjects "with congestive heart 
failure. Manner of presentation is the same as in Fig. 2. 

The values of CH'’’ for the control subjects differed slightly from those 
with congestive heart failure. Since the daily intake of chloride was more than 
adequate to meet the demands of the hot environment, there were no signifi¬ 
cant differences in Cix or Ut, values in the two environments. The effect of 
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Numtvr I ’ ' * * 

incuniinl dimcties on U^, is illiistiatcd in TabU II Subject I, for example 
oxcictcd most of the chloiidc duiinj? nicicimnl duiicsis and thus Ind a Ui, 
\aluc of 17 G ds^s \\hon tlie entnc stiuh A\as considti-ed and 96 7 da^s ^\hen 
t)ic da^s of nieicuinl diuiesi. were excluded 
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•Volume of 1)01> \\ater calcuhitoa bj the following formulii Mo 


I X CV 
U 693 


tV,>erago of flr^t -1 tHjs 


7?«f7io; uhif/i»m The and U 14 ^alncs foi Kb‘ show no effect of en 
Mionment noi is thcie am ob\ious lelalion of these paiameteis of Rb®° to 
those of (Table II) The concentiatioii ot Rl)®'" m the scium of all sub 
lects xaiied considerabh The latios of eoncentiatiou of Rb^'’ in the erjthro 
cjtes to that in the seium aic shoon in Tig: 4 

The concentiatioii time couise cuue of Rb®® in the cijthiocjtes le^eaIed 
an incicase in conccntiation of Rb"*' lor the fiist 8 to 11 da\s of obsenation 
The lalne loi the eiithiocitc compaitwent uas thcrofoie cxpiessed in 
too Ma\s (Table II) (1) the C.^ \alue toi the dcscendmgr poition oi the 
concentiation time coiiisc aftoi the jicaK coiieentiation had been 1 cached and 
( 2 ) the Cv 4 \aliie loi e^^thlOc■\te compaitmont in Mhich the ascending poition 
ot the Cline Mas included negleelmg equilibiium of distribution The ■value 
the fust method was csscntialh one half as long as that b\ the second method 
Coviment Bv definition of a state of eqiiilibuum of distribution must 
first exist before this panmetei can be mcasiued This state of equilibration 
piobabh iievei exists completeh foi an isotope of potassium or Rb®'’ The 
eiioi intioduced bv assuming that cquilibiium of distiibution was cstabhslicd 
IS piobabh minimal between the fifth and twelfth da}s after injeetion" ® ”, 
howevei, the magnitude of the eiioi is iinKnovni 
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Tlic infliuiuc of iiitaKe of tlu stiliK oUmcnt Iv"* , on tlit hioloj'ic dcLa^ 
i.it( ol Hb" IS shown in Tallies II and III Siiut tiic injrtstcd K‘ docs not 
((iuilihiat( (iiiuKK witli tlu K and Ub' ol llu intiic bod\ betou e\(iction, 
the cITcct of \ar\in" intabc of IC on biologic dtca^ lates would not be as pie- 
dictable as foi a substance whub tcjuihbiatts mou (jiuckl\ such as cliloiide 
or water Xc^cltbolcss inLicist in intake of jiot issiiim leduced the Ct, "vaJiies 
of Rb*'' * In the subnets whose a\eiage dail\ intake of potassium was a 
grcatci pciccntagc ot tlu Lalculated potassiiun mass in the bod\ a slioitci 
time would ha^e been letjuiu 1 to rtcovei om Inli of the inicitcd Rb“^ in the 
mine (Tables TI and 111 ) Tin admnnstiation ot mcicmnl diuietics Ind 
little oITect on uiinan ixorotion of RlF 

7 ritxum The biologic dcca\ lates of tiitinm aie shown in Pigs 1 to 3 
and 111 Table II There wcie no significant difTeicnccs in \alucs among 4 

of the 0 subjects studied, howc\ei, one contiol subject had a small Ci, ^alue 
There was no eonsistont ctTcet of cii\nonmcntal Iduperaturc on these ^alues 
The deua\ in eoiicentiation of tiitmm was nmaiKabh constant thioiighout 
the obsenations The tunc com^t of the pei (cnt of tlic tiacei remaining 
showed a dccicase in slope towaid the tnel ot the expenments (Pigs 2 and 3 ), 
a behaMoi exiieotod because of unmeasured extiaminan losses of tiituini 

Comment The %alues of woie laigei than those foi C, because of 
cxtraiirjiian losses of watci and tiitiuni Theufou, tJie Ck ^ahIC was a bcttei 
index of watei tuino\oi than 11^5 All subjects wcie allowed watci as dcsiied 
Although no puiposeful w<itei loiding was «ittcmptcd in these studies Contiol 
Subject 1 bad a ^on laigc daih intake of watci and maintained a watci 
diuresis throughout tlic stiuh The smallest C4 \aluo was obtained in this 
subject The effect of intake of the nontncci watei on biologic decay rates 
of IP would be expected as in the case of am isotope witli which the ingested 
stable substance reaches a state of equilibrium of distribution in the bodj ® 

Tile piogicxsne decicase in the slope of the time couise ot the pei cent 
of lemamiiig in the bod^ (not icco\ticd ni mine) could be due to fixation 
of II^ in stable positions in the tissues The amount of tntium which would 
be expected to be bound m such stable chemical states would be \eri small 
duiing the course of the piesent studies, and would probabh be wutinn the 
small enor of ladioassaj of IP Obseiiatioiis on animals*'’ 
ha^e dcmonstiated the capacit\ of IP to be bound 111 stable positions and 
to lag thereafter in exchange with the hjdrogen of plasma water If sucli 
stable binding imohed a significant peiccntage of the injected tntium, one 
would expect the lattci pait of the conceiitiation tune couise Clu^e to show 
a slowei late ot decline than the fiist pait of the same cm\e since the pei 
centage of II’’ icmaimng 111 the bod\ which is chomicalh bound would inciease 
piogressneh with time In these studies theie weic no appaient changes 
in the late of decline of the concentiation time course curves 111 plasma (Figs 
1 , 2 and 3 ) Although tntium tiaccs hadiogen in the bodj with some “isotope 
effects, “ since the great mass of readih exchangeable Indiogen in the bodj 
IS in the bodj watei, the concentiation time couisc cul^cs and biologic decaj 
lates ill these studies reflected tmnoaei ot hodj watci 
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Tlio effect o1’ eiiviroiimeiilal heat on Hie rate of loss of wafer from the 
body as sensible and insensible water loss is well known. Fi^s. 1 to ff and 
Table II fail to show any dcteetablc differenees between the effects of the 
hot environment and the air-conditioned ward on the Iiiolofjic decay rates 
of H'. This does not mean that heat is nnimiiortant in water loss from the 
body and in water turnover. Hubjeets I to 4 in>;estcd aiijiroximately the 
same amounts of water each day in both hot and cool environments. When 
in the hot environment the decrease in volume of urine was offset by an in¬ 
crease in nonurinary loss of water so that water turnover, with apiiro.ximately 
equal daily intake in both environment.s, would bo e.xiieeted to be the .same. 
The Cj^ values in these observations were between the extremes reported by 
Pinson''" which reflects differences in water intake. As noted in'evionsly,"’ 
the biologic half-life of an isotojie which is freely exchanging in a compart¬ 
ment can be shortened by increasing the intake of the nontracer substance 
in that compartment. 

Space and Maas .—Because of the long physical half-life of Kb'" and Cl'"'', 
it was possible to calculate the time cour.se of space and ma.ss of chloride 
and potassium, assuming Kb^“ traces K-’''’ adequately. Calculations of the 
time course of tritium space were not justified because of the failure to meas¬ 
ure nonurinary lo.sses of IP. The water space measured by ti'itium dilution 
was calculated for the time of injection and for 20 to 24 hours later. In 
Subject 5, incomplete colleciions made calculations of the time eoui'se of .space 
and mass inaccurate. 

The calculated electrolyte space and mass of the traced substanee were 
defined as follows"'’; 

Sa = calculated tracer space or volume exprc.ssed in sampled compartment 
volume equivalents at t„. This may bo exprc.ssed in scrum volume 
equivalents, erythrocyte volume equivalents, etc. 

S, == calculated tracer space at any time t. 

jM„ = total calculated exchanging nontracer mass at to. 

Mt == total calculated exchanging nontraccr mass at any time t. 

These values were calculated from the following equations: 

amount of isotope injected 

“ concentration of isotope in sampled compartment at t„ 
amount of isotope remaining in body at time 1 

’ ' concentration of isotope in sampled comi)artment at time t 

jM„ = calculated space (Sn) x concentration of nontracer in sampled com¬ 
partment at to. 

Mt = calculated space (St) x concentration of nontraeer in sampled eom- 
partnient at time t. 

The results are summarized in Table III and in Pigs. 5 and 6. In Table 
III, the calculated space and, therefore, calculated mass of body water was 

I X Cl 

also obtained from the following formula; kp = -p r --- — where I is the daily 

i/.Or/O 

intake of water. 
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Tile values' for chloride mass .niul intake shown in Table III arc averages 
over 20 to 20 consecutive days. Since Subject 2 was in a heavy body and leg 
cast, an accurate daily Iiody weight ^^as not available. Her weight was csti- 
mated to remain at loO iiounds. 

The calculated values of potassium mass shown in Table III are aveiages 
of a number of daily Mt \ allies obtained after the concentration time eoui'sc 
of Kb*'” in erythrocytes had achieved its maximal value. The days of the 
study included in these averages were as follows: Subject 1, ninth to fifteenth 
day; Subject 2, ninth to fiftcentli day; Subject 3, thirteenth to twenty-sixth 
day; and Subject 4, eleventh to twentieth day. 

JVifiuwi: The tritium space at U and at 22 Iiours calculated by dilution 
of tritium and the average mass of body water calculated from the average 
intake of iiater and Ci, of IP varied as much as 20 per cent in the same sub¬ 
ject (Tabic III). No one method of calculation gave consistentl.v higher or 
lower values. The calculated body water varied from 54.8 to 77.2 per cent of 
body weight for Subject I, 40.0 to 52.8 for Subject 2, 44.9 to 51.7 for Subject 
3, and GO.l to 81.G per cent body weight for Subject 4. 

Conivicnt: Tlie relatively large A'ariations in calculated body water based 
on tritium dilution have been encountered by otlicrs.’*- ” The same vari¬ 
ability was found with niUipyrinc and deuterium.''' The validity of the 
dilution techniques has been clicckcd by desiccation tccliniques and deter¬ 
mination of specific gravity of the body.** TJic reported wide variations 
are unreasonable. There is less water in fat than in otlicr tissues, but it 
is difficult to explain tlic variations of body water from 40 to 80 per cent 
body weight on the basis of fat content alone. The average values for the 
3 methods of calculation on the 4 .subjects in tliis scries were 57.2, 62 6, and 
54.1 per cent, respectively, of body weiglit. TJic mechanism for the large 
day-to-day variations in a single individual is likewise difficult to explain 
Subject 2 was I’atlicr obese which may explain the relatively low value for 
body water but Subject 3 was quite thin and had edema and a considerable 
amount of ascitic fluid yet the calculated volume of body water i\as small. 
These variations indicate the difficulties a.ssociated with the tracer method of 
calculating space and mass of a substance in the body of man. There are very 
little data on reproducibility of body water measurements with tritium.®^ 
Tlic extreme variability of calculated bodj' water which has been reported 
may in part be i elated to the use of a single measurement of the tritium 
content of serum at the end of several hours after the injection of the tracer 
Bj' extrapolating concentration time course curve based on numerous obsei*- 
vations obtained over 1 to 2 days back to time of injection, the variability 
associated with a single determination should be avoided. A longer period 
of study -would be satisfactory only if extrarcnal losses of iiater were meas¬ 
ured. 

Chloride: The time courses of space (St) and mass (Jit) of chloride 
are shown in Figs. 5 and 6. The average daily mass expressed as per cent 
body weight, intake of CP= in both grams and as a per cent of average 
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Mt is shown in Table III. The liino eonrses o1 calculated chloride space and 
mass showed a lew variations in the first :] to 4 days hut thci-cartcr both re¬ 
mained fairly constant. In Control Sidi.ject ], there was a progressive I'isc 
in both calculated space and mass. The mass increased from an iiiitial value 
of 52.9 Gm, at 24 hours to 91.7 Gm. at the end of 22 days reflecting extra- 
renal losses of C1‘" and CT*'‘ as well as inaccuracies of such measurements. 



Fig. 5.—Time coiiise of calculated space and mass of and Cl“ In 2 control subjects. 
The datxL on electroUte and ^^ater balance aie presented as >n pioMous flRuies The tune com sc 
of space of Rb"® (and therefore K"”) calculated from the concentration of Rb'" in both the 
er>throc\tes and serum The calculated ma*?s of l-T® nas also calculated fiom the Rb**® content 
of both compartments The calculation of both space tind mass of IC*^ is basctl on the a^^sump- 
tion that Rb**® traces adequ.itelj to justify such calculations Roth sjiace and ma*?^ of Cl“ 
were calculated from the content of CR'' in the ‘serum 



\ o! Ill c ') 

Numltcr 1 


SlMLMAMOUb sjuniLs or !!«, C1‘, \.M) lUi> 


bo 

Tlicic ^\as no api)<i!cnt ofrt{t oi imiionincntal tcinpoi.itiiie on the time 
eoiu'sc of St and ^It ol cliloiidc The daih i>osit]\o balance of ysns 
jjioatci in tlip hot enMionnunt whuh ^\as most pio])abl\ due to uiimeasuied 
e\tiaiuinai\ losses of CP in sweat 



FIs’ C—Time course of calculated space and mass of K®* and Cl®’ m 2 subjects \\fth confeesti\c 
hcart failure The ui inner of presentation is the sanu- as m Flp o 

^rercuiial diuicsis icsulted in \aiidtions in calculated space and mass 
(Fi<r 0, Sulijeet 3) Tlic effects ot admimstiation of NallCOi duuiiji the last 
3 dajs oi the stud\ aic shown iii Pigs 5 and 6 

Comment- In gcneial, calculated space and mass of chloiidc boie a di 
lect iclatioriship to space and mass of bodt watci m the control subjects and 
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those with iieart failure (Table III). The average chloride space as a per 
cent of bod.y weight was 46.1 for Subject 1 (37.8 for the fii'st 5 days), 23.5 
for Subject 2, 24.5 for Subject 3, and 50.4 for Subject 4. 

Radiombidiwn: The time eoui'sc of calculated si)ace (St) and mass (IMt) 
of potassium for both erythrocyte and pla.sma compartments are shown in 
Figs. 5 and 6. 

The time course curves of calculated space and mass based on the crythi’o- 
cyte compartment showed a decline for the first 7 to 10 days followed by a 
fairly constant value. The time course of St and Jit based on the plasma 
compartment shows rather wide daily fiuctuations, although in general these 
curves were parallel to those based on the erythrocyte compartment. There 
was no apparent effect of the hot or cool environment on these ])arametcrs 
in any of these subjects. 

In all subjects there was an expected })rogrcssivo increase in the cumula¬ 
tive positive balance of K’" due to extrarenal losses. The calculated space 
and mass of varied directly with that for water and chloride. 

Comment: These studies add further to the data which show Rb'*'’' to 
trace fairlj' well in intact man.^- There is no way to determine pre¬ 
cisely when equilibrium of distribution of Rb*"’ has occurred. However, by 
studying the major compartments of K^"’, such ns the intracellular or erythro¬ 
cyte compartments, a better estimate of the mass and kinetics of the traced 
element is obtained. The plasma and extracellular compartments arc rela¬ 
tively small and, therefore, likely to vaiy considerably in concentration of 
Rb®“. The general parallelism between the time coui'se of St and JR based 
upon Rb"” in both erythrocyte and pla.sma compartments indicates the depend¬ 
ence of the plasma compartment on release of Rb^® from the major (intra¬ 
cellular) compartment. In only one patient (Subject 3) was there a long 
lag in the time required for the time course curve of JR based on plasma com¬ 
partment to reach the level of the curve based on erythrocyte compartment 
(Fig. 6). 

The cellular metabolic phenomena which arc related to the incorporation 
of Rb*® and potassium into the cellular compartment were not altered by 
environmental temperature during the.se studies. The rates of exchange of 
Rb®“ between the cellular compartment and the plasma continued at the same 
rate throughout the experiment. 


DISCUSSION 

For the first time simultaneous studies of the kinetics of tritium, rubid¬ 
ium and chloride as well as aspects of the metabolism of sodium, chloride, 
potassium, and water have been made in man under comfortable and hot 
and humid environmental conditions to which both healthy and sick people 
of many areas of the world may be subjected. These studies failed to re¬ 
veal anj^ definite differences attributable to the environmental temperature 
in either the control subjects or in the patients with chronic congestive heart 
failure. In spite of this, however, except for one patient (Subject 4) they 
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\\eio all inipiosscd 1)\ the benefits of the coinfoitable ciniionment upon then 
^\eIl bein»r and b\ the oppi*essi\encss of the hot and humid cnMronment This 
uas pniticulail\ tiuc of the patient in the hea\^ bod\ and lejr cast The 
attendants, ph^slclans, and iiuesti'ratois ^\eic likewise impiessed b\ these 
difTeienccs Moic clinical data will be published clscuhcie tonccining these 
icactions That o\ei all difTcrciKcs existed and the fact that the patients 
pei'spircd less, weic moic iclaxcd, and chiiicalh better was c\idcnt in spite 
of the experimental data The ps\tholo"ie icactions of tlic patients to these 
einiionments aic cspecialh in need of stiuh 

IIo^\e^el, in spite of those ehnical difTciencos, these detailed studies of 
metabolism of clcetrohtcs and watci failed to ic\cal am definite difterenccs 
m eqiiilihiiiim of distnhution biologic deca\ latcs, oi calculated space and 
mass of cloctiohtcs and watci This is not suipnsing in mow of the piecipi 
toils decline in the ullnal^ cxci*etion of sodium and chloride c^en though 
theic IS mcasuiahlc change in the Na oi Cl concentiation in the plasma 
when a subject is placed on a low diofaic intake of salt In otliei words the 
regulation of an.^ single physiologic phenomenon ma^ be so sensitive that 
important difTeienccs in pinsiologic leactions can exist with immcasiuiblc 
difTeienccs in the regulating phenomena responsible for the changes To 
know that this is true foi the metabolic and kinetic biologic pbenomena of 
wntei and clectiohtes is impoitant 

The greatest difTercnccs, although not too laigc in magnitude, weic noted 
in ceitain aspects of lenal excicton function which will be described else¬ 
where^^ It was lathei intoicsting that the group of subjects under studv 
drank laigc quantities of watei cacli dav The intake fai exceeded the needs 
for the comfortable environment and was moie appropriate foi the needs 
foi the hot and humid emnonment It is quite possible that, during the 
process of developing acclimati/atioii as the New Oilcans summei developed, 
these patients drank moic and moic watei which became a habit to be main 
tamed foi a time icgaidless of need Tlierefoic, wben thev entered the com 
lortablc envnonment thev continued to drink Jaige quantities of water bv 
force of habit lathci than foi pinsiologic icquirements Furthermore, the 
large intake ol water and the lesultant diuresis inhibited am manifestations 
of the environmental effects of cxcietion of tiitium and its biologic half life 
Since output of H 0 was deteiiniiicd bv a verv high intake, mccJianisms foi 
consoivation of H 0 did not have to develop Tims, total excretion of IF, 
regardless of the propoition in sweat and in urine, was high and fairlv con¬ 
stant (Figs 1 to 3) Had II 0 intake been limited to minimal uimaiv needs 
111 the neutral oi coinfoitable emnonment, this intake would have been made 
quatc m the hot environment wben II-O was deviated into sweat for thermal 
regulation 

The expeliments demonstiate the possibihtv of emploving several radio 
active isotopes siinultancoush for plivsiologic and pharmacologic studies ovci 
piolonged peiiods of time in intact man The tiacers were rcadilv separated 
with acciuate counting The findings with the simultaneous studies of several 
tiacers wcie the same as obtained pieviouslv in studies of individual isotopes 
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and, therefore, increase the series for control snhjeets and for patients with 
ehronie congestive hcait failure. The various illnstrations reveal the temporal 
qualitative and quantitative relationships of the .‘1 tjaeers used and inter¬ 
relationships of physiologic ad.justnient.s involving water, chloride, and ]io- 
tassiinn. 

SUAmiUY VKU COXCI.USIOXS 

Simultaneous studies of Cl". Rh"'’, and H under controlled metaholie 
conditions were made in both eontiol subjects anil in jiatienls with congestive 
heart lailure. The eiVect of a coinfoi’tahle air-conditioned ward and of a hot 
and humid enviionmcnt on kinetics and metabolism ol electrolytes and water 
in both groups of subjects nas studied. Even though there uas little meas¬ 
urable effect of environmental temperature on the parameters observed in 
this .study, there were rather distinct differences in the effect of the enviimn- 
ment from a clinical standpoint. I’ossihlc reasons for the disere]iancics between 
physiologic and clinical data have been discussed. 

These experiments show the Icasihilily of long-term metabolic studies 
u.sing a combination of isotopes to observe extracellular and inti’acellular 
electrolyte metabolism simultaneously with studies of turnover of body uater. 
Additional data on the biologic decay rates of Kb^" and Cl’'’’ have been pre¬ 
sented along with data on the measurement of body water with tritium. 
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STUDIES or TJIC liYFLUBNCE OP COJCTORTAnLE AND HOT AND 
HUMID DNVIROXAIHNTS UPON TIID RATE OP EXCRETION OP 
IP, IPO, CP«, Cl^ Xa”, RV^ AND IP" IN CONTROL SUB7ECTS 
AND PATIENTS MHTH CONGESTIVi: HEART FAILURE 
Ct E Burch. MD,* \nd C T Rv\,MD** 

Nfw Orifws, L\ 

S TUDIES ^\e^c initiated to in\estigatc the influence of a hot and humid hospi 
tal eiiMionment of Ne^\ Oilcans dm mg the summer upon certain phases of 
clectiohte and uatci nictabolisin in subjects AMtli find without chronic eongestne 
heait failmc Othci aspects of these cxpennicnts ha\e been described in a pre 
ceding paper* The hot and humid emironment produced definite changes in 
the urinar\ excretion of watei and electiohtcs associated ■with an ineiease in 
sweating m most of the subjects Contiastiiigh, tlic comfoitable air conditioned 
ward rescaled the influence of air conditioning upon renal and sweat gland 
function 

MFTflODS \ND 'MVTFRULS 

Nine women, were studied under controlled metabolic conditions in the two wards 
of Chants ITo<»pital (Table T) One ward •nns air conditioned (mean temperature 74 4® 
F, range SOS® maximum to 70 1® minimum) with a mean relatiie llllmldlt^ of 734 per 
cent (range 00 to CO per cent), while the emironment of the other ward was hot and 
humid—the weatlier existing m New Orleans in Jul\ and August, 1D56 (mean temperature 
S3 4® F, range 04 0® maximum to COO® minimum), with n mean reJatne humiditi of SO 0 
per cent (range 9S to 47 per cent) The maximum daih temperature was 90 0® F, or 
greater on 21 of the SC dajs of this stiidi The a\eragc dai]\ temperature recordcl twice 
daih on the ward was 86 8® F witli a relative humiditv of C2 0 per cent The subjects in 
this studv spent approximate^ equal time in both environments One half of the patients 
were in the comfortable environment first and, after approximatelv 2 weeks, were trans 
ferred to the other environment At the onset of these studies 5 subjects received mtra 
venousU Cl^f, Kb^c^ and H^OH siinultaneouslv 

Dietarv intake of sodium, chloride, potassium, and water was recorded and the 
unnarj excretion of these substances was measured ^>o measurements were made of the 
sweat or stools 

Blood was collected under oil each morning, and the plasma and whole blood were 
studied separately The following measurements were made on the plasma sodium and 
potassium bv flame photometrv, chloride bj the method of Schales and Schalcs,'’ osmo 
laritj bj the Fiske osmometer, creatinine bj the method of HaugenS, and CPe bv 
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end window (Tcigci iridler counters,i nnd !I'> with n lirjnid scinlillation coiintcT.* After 
laKiiiff In fiec/iiif; nnd thnwin" of an alii|Uot of wliolo lilood, tlic sodium, iiotassiiim, lil)*"', 
('I'll, and II1 were ineasnied. 

The 24 hoiii urine sjieeiniens, eolleeted fioni 8:00 A.M. to S:()(l A.M. with toluene as the 
preservative, were studied In- the atiove methods for sodium, ehoride, potassium, Rh'-'', 
Cl'ii, H3, osmolarity, and creatinine. Urinary volume, specific Riuvity, and pit were also 
determined. 

Separate rndioassay of Rliss and Cl'" was accomplished In- coiintiiif; soon after collec¬ 
tion of the samples and recounting the preparations 2(10 days later after Rlisn had under¬ 
gone physical decai. Radioassay of tritium was done on a water distillate of the Idologie 
fluids w-liieh w-ere distilled at low- temperatures so that Cl'"' did not enter the distillate. 

Dietary intahe of .sodium, potassium, ehloride, and calories w-iis keiit relativelv con¬ 
stant, hut w-ater w-as allow-ed ns desired. The suhjecls received various drugs and 
therapeutic measures as indicated In- the clinical state (Tahle I). 


TaIII.K 1. Cl.I.VICAI. I).\TA O.V Tlti: Js'lNK SrilJKCT.S STI'IiIKI) 


1 

1 


1 POSH OK ISOTOI'KS j 


SUBJECT 

NO. 

AOE 1 

(yn.) 

ntAON'OSIS 

Cl-.il 
( MC.) 

Rlisn 

(MC.l 

11 5 

(MC. > 

ti:katmen*t 

1 

40 

Contiol; rospinitory 
infcctioii, coiiviiles- 
cent 

0.020 

0.0.31 

;i.74.o 

Sntu' 

o 

50 

Control; tiiboiciilous 
arthritis 

0.027 

0.00.3 

4.104 

SI 1 ept omyciii, sod iiim 
para-amiiiosali<iyIiitP, 
body and leg cast 

3 

32 

R.ir.D., C.n.F. 

0.020 

0.4 SI 

2.!1!).3 

Digitalis, meicurial di 
tirclics 

4 

32 

A.S H.D., C.H.F., 
H.H.P. 

0.027 

0.002 

.'t.7.S0 

Digitalis, merciirinl di 
iiietics 

5“ 

05 

A.S.H.D,, cmpiemn, 
CII.F., piicumo 
tlioinx 

0.020 

0.0)2 

.3.,S32 

Digitalis, thoiaceiitosis, 
]i(Miicilliii 

G 

2.3 

Control; sarcoidosis 




Prednisone .30 nig. 
daily 

7 

.32 

Control; lung nb 

coiivnlo^^cont 




Penicillin, Achromycin 

s 

22 

R.H.D., C.n.F. 




Digitalis, prednisone, .30 
mg. daily 

D 

30 

A.S.H.D., mild an¬ 
gina, C.HF. 




Digitalis, mercurial di¬ 
uretics 


Key to abbrcMAtions R.H.D = ilicuniatic lie.irt (li.scase; C.It.F. = connesthc ho.iit 
disease. A S H.D = ai tel losclei otic lie.iit disease, H 11.10. = liypet tensive lionit di.soase 
•Incomplete urine collections 


RF,SULT.S 


The results are summarized in Figs. 1 to 8 and in Tables II, III, and IV. 
The data are presented as follow-.s; clearance rates-, daily excretion of chloride 
and potassium as a per eent of calculated ma.ss; and osmolar and free water ex¬ 
cretion, glomerular filtration, and renal tubular rcabsorption. 


•The authors wish to express their appreciation to Drs Leon Jacobsen and Georne 
Okita of the University of Chicago School of Medicine for the use of tlieii laboratory facilities 
tor counting the tiitium samples. 
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hnnmy Clearance —A\eiagc daih eloaiancc latcs ^^CIL detcinniied 

foi CP'', CP\ Na Kb'"', K^'*, and m 4 subjects (Tigs 1 and 2) and foi CP^ 
NV^ and K^' in 4 additional subjects (Figs 3 and 4) 

and c/ff/uoicc^ The qualitntne and (tuantitatnc similaiitics of 
the clcaiaiK e latcs of Kli" and K-* aiccxidcnt \ aiiations exist in late of cleai 
ance of potassium without an equal quaiititatnc change foi Kb**', but qualitatnc 
difTcicuccs weic few (12 points of quahtatuc diicctional diffeicnccs in 4 sub 
icets) (Figs 1 and 2) Tint potassium was cxdctcd incfcicntialh o\ci Kb'"^ 
IS appaicnt tiom those giaphs, hut Kh'"' tiaecd ?v’* icasonabh well the coiieia 
tion coefiicient being +0 SIC Tins is app^o\lmatel^ the same iclationslup foi 
CNCicton lates picMoiish desenbed ' 

The a\cragc daih latcs of clcainiuc of potassium \aiicd widch among tlie 
subiects and in tlic s nnc subject fiom tunc to time, the minimal latc being about 
4 ml oi plasma cleaicd pei minute and the iua\imnl rate about 18 ml pei min 
iite The magnitude of ^a^latlons within each indiMdual subioct was almost as 
gioat as the \anations among the subiects Tlicic was no appaicnt effect of the 
clinical state of eongestne heait failuic oi of the two cnMionmintal conditions 
on the a\crage late of clcaiance of Iv' oi Kb^** Subject 1 had a ^cr^ high latc 
of clcflinncc on the fust da^ in the cool cinnonment The intake of potassium 
was highei in Subject 8 who was gnen added KCI along with piednisono The 
n^erage latcs of clcaiance of K’® in this subject and in Subject 6, who likewise 
iccencd picdnisone, wcic greater than in the othci suhiects (Figs 1 to 4) 

Administiation of a imrcuml diuictic had a \aiinblo effect on the latcs of 
clcaiance of and KlP (Figs 2 and 4) 

Comment The quantitatnc diffcicnccs iii latcs of clcaiance of and Kh''° 
leflect a diffeiencc between these two isotopes winch was gicatei foi the kK]ne^ 
than for am othei oigaii studied to date** ' The leason for this diffeiencc in 
excieton lates is not apparent but ma\ bt i elated to differences in atomic 
masses in spite of about equal sms t«i the di ated ions 

The absolute ^alues of elenance of Iv**'* among the \aiious subjects as c\ 
pected, icflectcd the aaiiations m daih intake of potassium, which ^alled fiom 
52 to 79 mFq pei da^ in 7 subjects and was as high as 118 mFq per daa in 
the subject who lecencd added KCI IIowe\ei, the da'v to da^ intake of potas 
Slum ^arled lelatneh little for am gi\cn subicet Such small daih \aiiatioiis 
in intake in an-\ subject weie insiiflRcieiit to explain the maiked differences in 
daih lates of cleaiaiicc of potassium Fuitheimoie, the change in intake and 
rate of clcaiance weie not alwajs diiectionalh iclated Inteiestingh, the eleai 
ance rates weie not influenced b\ the cmironmcnts cmplo\ed Ihe effects of 
piednisonc on e\cietion and balance of potassium aie shown b-s the nogatnc 
balance in Subject 0 Since iionminai-v losses of weie not measiued, the 
exact deficit of potassium m this subject A\as not measiuablc The piogiessne 
incieaso in eiimulatne balance of potassium in all othci subjects leflected, in 
laige pait, nonmmaiy loss 
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Trithnn clearance; The rates o£ clcaranee of IP for 4 subjeets are sum¬ 
marized in Figs. 1 and 2. In Sub.iecls 1 and 3, tlie rates of clearance -H-erc 
slightly higher in the cool environment. The various “i.soto])o elleels” due to 
greater atomic mass and other physical phenomena which have been ascribed to 
IP as a tracer of II* were not reflected in the urinary cleai’ance rates as indicated 
b.y the correlation coefficient of clearance of IP to water clearance of +0.969. 

Contra/ Sub/ No / Control SubJ No 2 



Fig:. 1.—Time couise of urinary clearance of K^, Cl“, Cl’*’, and Na^ in 2 control 

subjects. In this and all subsequent flg-ure.s the balance data Is shown in the upper part 
of the figure. The ordinate values for cumulative balance arc twice those shown for dally 
intake, urinary output, and balance. The values for average daily urinary clearances of 
the radioisotopes and nontracer elements are shown in the lower part of the figure. Body 
weights were not obtainable on Control Subject 2 since she was in a body and leg cast. 


■\Vhen mercurial diuretics and spontaneous factors increased the rates of 
clearance of Na=^ and CP'’, clearance of II*’ increased. The changes in these 
clearances varied coneordantly yet they differed quantitatively. The clear¬ 
ance rates of varied from 0.5 ml. to 2.7 ml. per minute in Sirbjcct 3 as a 
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icsult of niercuiinl diuiesis The otliei subject with congestive lieait failuic 
(Siil)jccl 4) hiul slightly lower i.itcs ol cicaiaiiee oi IP than the contiol subjects 
(Subjects I and 2). 



Fig 2 —Time course of urlnarj clearance of K**, Rb*^ Cl*-, Cl’^ and Na** in 2 subjects 
with congestl\e heart failure See legend for Fig 1 

Comvient: The rate of iiriTiarj’ clearance of IP varied diicctly with \s’ater 
intake and inveisely with the latc of iionur inary water loss. Since these pa¬ 
tients (Subjects 1 to 4) had little change in weight, the rate of clearance of IP 
reflected the water drinking habits of the individual. The correlation coefficient 
of +0.969 between the lates of clearance of IP and the rates of clearance of 
plasma water indicated the absence of skimming, isotope effects due to differences 
in mass of and H^, and the excretion of significant amounts of in molecular 
combinations other than in water. 

The relationship of rates of clearance of IP to that of Na-^, and 
indicates that the subjects who weic allowed water as desired drank sufficient 
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icsnll ot incicuHiil dimcsis Tlio otliei subject with congcstiie lieait faililic 
(Subject 4) bud sliglitly lowei r.ilcs ol cle.uaiiee ot IP than tlie eontiol subjects 
(Subjects 1 and 2). 



Kiff 2—Time course of urinary clearance of Bb** H*, Cl“, Cl*®, and Na** In 2 subject^ 
with congestive heart failure See legend for Fig i 

Comment: The rate of ui inary clearance ot II^ varied directly with water 
intake and inversely with the rate of nonurinary water loss Since these pa¬ 
tients (Subjects 1 to 4) had little change in weight, the rate of clearance of IP 
reflected the water drinking habits of the individual. The coirelation coefficient 
of -t0.960 between the rates of clearance of IP and the rates of clearance of 
plasma water indicated the absence of skimming, isotope effects due to differences 
in mass of II' and H^, and the exeiction of significant amounts of in molecular 
combinations other than in water. 

The relationship of lates of clearance of IP to that of CP“, Na'", and K” 
indicates that the subjects who were allowed water as desired drank sufficient 
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water to maintain approximately the same rate of free water excretion for both 
environments. 

C/'"', 67.-'^, and Na'-’ clearances: Tlic rates of clearance of L'P-^ and of Cl’'® 
had a correlation coefficient of +0.94!) (Figs. 1 and 2). This valnc shonid he 
unity, but the low levels of counts of Cl™ in some specimens of urine increased 
the counting error. The time cour.se of tiie reiation.siiip of ti)o rates of clearance 
of Cl™’ to Cp-' is .shown for 4 suh.iccts in Figs. 1 and 2. 


Control Subj No 6 Control Subj No 7 

Hot Cool Cool Hot 



Fip. 'd .—Time course of urinary clearance of Ci”", and Nn^ in 2 control subjects. See 

legend for Fig. 1. 

The rates of clearance of CP^ and Na’^ were much lower than those for Rb”", 
H®, and Iv™ (Figs. 1 to 4 and Table II). The relationship of these rates of 
clearance to sodium and chloride balance are summarised in Figs. 1 to 4. The 
rate of eleai-ancc of sodium was approximately 75 per cent that of chloride in 
Subjects 6, 7, and 9; however, in Subject 2, the clearance of sodium was .slightly 
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jjicatci than llint foi lIiIoikIo and m Subictt h tlic clcaiantc ol Cl was considti 
abh jiieatci than that foi \a these difteicnecs amonjr sub]octs being iclatcd to 
intalvc of these e!ectiol\tcs Tlicie was no (onsistent cflect of eiiMronnient on 
these lates of eleaianco Tlie tfleets of meicurial diuiesis on tlicse subjects made 
the effect of cnMionment difReult toe\aluntc 


CHF $ubt No e CHF Sub] No 9 



I ifT -1 —Tin o 


com '“0 


of tii in'll} 
he lit 


cit'irancc of K* Cl^ nn<1 Nn 
filluic lcf,cn 1 for Fn, 


In ] subject'! 


with concostiK 


Comment The well known cftects of dietaiy intake of sodium and cliloude 
on the lespectne cleaiance rates arc evident in the illustiations In none of 
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the subjects were there any significant changes in tlic concentration of chloride 
and sodium in the serum. 


Table II. The Effect of En\uroxmen-t ox Urixarv Clf^araxce Rates 


SUBJECT 1 
XO. 

PERIOD STUDIED 


AVERAOE 

CLEARANCES (ML./.MIX.) 


1 AyERAOE B.VII.V 
t’RINEyOUTMF. 

1 (ML.) 

1 Kan 

1 Rbsc 

1 Cl-ic 

1 Cl3.n 1 

Nnnn j 

H-n 

1 

Entire study 

8.13 

5.55 

0.30 

0.32 

0.26 

1.87 

2,592 


Hot 

6.55 

4.32 

0.23 

0.26 

0.16 

1.40 

2,249 


Cold 

9.04 

6.20 

0.34 

0.30 

0.32 

2.09 

2,787 

0 

Entire study 

8.42 

4.73 

0.30 

0.37 

0.55 

1.24 

1.790 


Hot 

9.23 

4.72 

0.25 

0.27 

0.50 

1.23 

1.780 


Cold 

7.27 

4.70 

0.52 

0.52 

0.61 

1.27 

1,800 

3 

Entire study 

9.08 

4.94 

0.46 

0.44 

0.32 

1.44 

2,009 


Hot 

7.15 

3.97 

0.75 

0.73 

0.44 

0.98 

1,391 


Cold 

9.91 

5.30 

0.34 

0.32 

0.28 

1.64 

2,273 

4 

Entire study 

5.53 

2.80 

0.29 

0.29 

0.22 

0.92 

1,505 


Hot 

5.60 

2.93 

0.29 

0.27 

0.21 

0.94 

1,.556 


Cold 

5.42 

2.75 

0.29 

0.31 

0.24 

0.90 

1,051 

6 

Entire study 

11.72 



0.43 

0.34 


1,040 


Hot 

10.45 



0.47 

0.26 


1,348 


Cold 

12.64 



0.43 

0.39 


1,849 

7 

Entire study 

6.42 



0.38 

0.28 


1,391 


Hot 

0.85 



0.42 

0.34 


1,012 


Cold 

5.83 



0.34 

0.21 


1,501 

8 

Entire study 

13.71 



0.78 

0.41 


2,104 


Hot 

12.16 



0.34 

0.18 


1,304 


Cold 

14.81 



0.93 

0.58 


2,73.1 

9 

Entire study 

7.94 



0.54 

0.38 


3,353 


Hot 

6.12 



0.70 

0.50 


2,574 


Cold 

9.30 



0.42 

0.30 


3,940 


Some of tlie effects of the environment observed for Control Subjects 1 and 
2 might he expected on the basis of loss of .sodium and chloride in .sweat because 
of the hot and humid environment. The cai'diovaseular stress of tenipei'ature 
regulation has been indicated previously." Among the 4 patients with congestive 
heart failure there was only one instance Avlierc the clinieal state of failure was 
influenced by the environment if this is reflected in excretory rates. The spon¬ 
taneous diuresis which developed in Subject 8 on entering the cool and com¬ 
fortable environment may have been the result of relief from tlie cardiovascular 
burden of heat regulation. Like lessening the load of muscular exercise by bed 
rest, lessening the burden of body temperature regulation may have i-esulted in 
the diiiresis. 

Jlrinary Excretion of and /t" flr.9 a Per Cent of Calculated Mass .—The 
mass of CP’’ and of IC*” was calculated from tracer dilution in 4 patients and 
daily excretion was expressed as a per cent of the “calculated” masses (Table 
III). The excj'etion of chloride was expres.sed as a per cent of average daily Sit 
for the entire study whereas excretion of K-'"’ was expre.ssed as a jier cent of tlie 
estimated mass during the period of daj^s when this value was constant. 
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Since thcic was a use in calculated Mt foi potassium tow aid the end of the e\ 
pciiiuent as a icsult of ccllulai lags in exchange of Rb’® with plasma the peiiod 
of relatnch const int was selected for these calculations 


Taull III FrrrcT of Fs\irosME\T o\ Upinm \ Evcketios of Ciiloriie and Potassium 


SIBJEIT ! 
NO 

r)AIL\ FNCrETlON AS A PEF CFNT OF TIIF ANFRACE 

CALCULVTED MASS 

1 ti- 1 

1 K30* 

FNTIRF 

STl n\ 

1 HOT 

1 COID 

FNTIFF 

STl D\ 

1 HOT 

COID 

1 

2 35 

1 70 

2 73 

1 40 

11' 

1 55 

2 

3 3G 

2 31 

4 72 

1 67 

1 81 

150 

3f 

4 2^ 

648 

3 19 

I 06 

148 

2 20 

4t 

1 78 

1 67 

1 93 

1 17 

1 15 

1 20 


•Calculated from data on Rb'* 
*Concest!\e heart failure 


CMonde Tlie cverction ot Cl“’ is a pei cent of cilculatcd Mt foi tlie 2 con 
tiol subjects diffcicd consideiabU (Table III) Subject 1 cscretcd about 2 pei 
cent of hci CP* mass pci dai uith a peak latc noted on the daj of tiansfei into 
the cool cnuroilmcnt Snb)cet 2 cscietcd moie ehloiide dining: the exposure to 
the cool eii\ironnicnt (aiciagc about 4 pci cent) tlian while she was in the hot 
and liiimid one (aieiage 2 5 per cent) Subject 3 uith congestne hcait failure 
cscicted slighth less tlnii 1 pei cent of M, on the dajs when she did not receiie 
ineieuiial diiiietics The piofoiind c/Tcct of inercuiials on excretion of ehloiide 
Mas demonstrated in this subject uho excreted about l/j of the ehloiide calculated 
to be 111 liei bodt in one dax of racreurnl diuicsis The other patient Mith con 
gestixe heait failure (Subject 4) excreted about 2 pei cent of Mt dull uhile in 
the cool eiiMronmcnt In the hot and humid enxironment theie Mas a decrease 
111 excreton latc on the daxs xxhen she did not reccixe a ineicurial diuietic 

Comment During peiiods of zero balance of anj elcetroljte, tlie urinaix 
excretion should lepiesent the same pci cent of calculated Mt as does intake 
piovided there aie no important cxtrauiinaij losses of these substances Tlit 
dietarj intake of chloride xxas 2 7, 3 0, 3 6, and 2 1 pci cent of ealcuHted Mt toi 
Subjects 1 to 4 ,1 espeetix ely 

Potassium The time couise of daily excretion of potassium expiessed as i 
pci cent of the axerage calculated Mt did not bear anx directional relation Mitli 
that of chloride except on the days of mcicurial diuresis in Subjects 3 and 4 
(Pig 2) and in Subject 1 on her first daj m the cool enxironment The axenge 
per cent of Mt excreted pel dax xxas 12, 1 5, 1 9, and 11 for Subjects 1 to 4 
1 espeetix elx, the lange being 0 6 to 3 4 pel cent The ax erage dictarj intake of 
potassium xxas 17, 2 3, 2 8, and 1 5 per cent of axerage calculated Mt for Sub 
jeets 1 to 4, respcctixelx There xxas no effect of clnnge in the enxiionmcnt on 
the latcs oi exciction of potissuini except in Subject 1 (Pig 1) xxho had a 
maiked diiiiesis of IC*® on being transfeiied from the hot and humid to the coni 
foi table enxironment 
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0\mol(ir Kxirctwn, (rlomcrMhir VUtialhn, and Tuhulnr h*c(ihsotption .— 
Tlic (lata of j)lasnui and urine usnudaiily, osmolar, Irrc and total water cicnranco 
rates, inilliosniolar jjlomcrular tilt lalion rates, and eiido'ronous creatinine clear¬ 
ance rates arc sununaii/cd in Figs. 5, G, 7, and 8 and Table IV. 



Fig 5—Time course of urinar>' excretion of water In 2 control subjects The balance 
data Is presented as In Fip 1 In addition, the osmolantj of plasma and unne. urinarj 
\olume. osmolar and free water clearance, and endogenous creatinine clear.ance and niillios- 
niolos filtered are shown In the lower part of the charts 

Plasma osmolarity changed very little thioiighout the entile period of oh- 
servatioii. Urinary osmolarity, on the other hand, showed considerable \aiiation 
among tlie suli.lcets as well as in the same sid),tect in tlie two enviionmental 
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conditions. In Control Subjects 1 and 2 (Fig. b) there was no difference in os- 
inolarity of the urine in the two environments, while in the remaining 6 subjects 
the urine osmolarity was higher wlicn they were in the hot and humid environ¬ 
ment. 

CHF Sub] No 3 CNF Subj No 4 



PIff. 6.—Time course of urinarj* excretion of water in 2 subjects with congestive heart failure. 

See legend for Fig. 5. 

The time-course curves of average daily free water, osmolar water, and total 
water clearance rates expressed in milliliters per minute show considerable 
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variatimi amoii}; tlu* S suhjcfts whose urimuy eolleetious wcic emuplcte. 
Subjects 1 and 0 (Fi^s. o and 8) had free water excretion throughout the 
entire observation. 

Tlic effect of a mercurial diuretic on free water excretion was variable. 
Tlie response to mercurials was not influenced by admini.stratioTi of a diuretic 
during i)eriods when there was eitlier ])ositivc or negative free water elearauccs. 


Control Subj No 6 



OsTC 





Days 

Pip, 7.—^Tjme course of urinary cxcietion of water m 2 control subjects. Sec Icgena for Fi^ 5 

Comvient: The relative constancy of plasma osmolarity tJiroughout those 
.studies was to ))o expected with adequate electrolyte and water intake. One 
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severely ill subject in this study, not shown in these figiires, heeame dchydi'ctcd 
in the hot and lininid environment and the plasma osmolarity rose hy 20 mOsm. 
per liter. 



g.—Time course of urinary excretion of water in 2 subjects with congestive heait failure 

See legend for Fig 5 

The osmolarity of the urine in tliese subjeets would be expected to var.y ac¬ 
cording to the relative amounts of electroljde and water intake which determines 
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tlio aiuouut to lie cxcieted to maintain balance \VitU sweating, the osmolaiit\ 
of the uiinc would be expected to be gieatci in the hot cmironment than in the 
cool one 

Flee watei, and thus total watci cvciction, reflected the diffcience between 
intake and nonuiinaij losses In lespllatol^ tiact and skin Since those sub 
lects wcie allowed watci as dcsiicd, ficc watci cxciction icflcctcd dunking 
habits, winch kept two of the subiccts in a state of constant water diuresis e\en 
m tlie Iiot and liumul ciunonnicnt The unusual dunking of watei In Subiect 9 
wl cn in the cool ciiMionnient resulted in iinnaii ^olllmcs of appioximateh 4,000 
ml daih (Fig 8) The icmamder of the subicets had a dailj watei intake 
which icsiilted in a uimaii osmolaiiti appioximatch equal to the plasma so 
that there was little ficc watei clearance The iiiinc in Contiol Sub]ect 6 and 
Subject 8 with heart failiuc was Inpciosmolai to plasma with a TJjq \alue of 
about 0 5 ml pei minute while in the hot and humid en\iionmcnt Some of the 
subjects with congestne hcaii failuic had uimc h\pciosmoldi to plasma before 
theiap\ foi then failuic bad begun The two subjects on picdnisonc had higher 
osmotic loads foi uiinari excretion than the otliei subjects as cMdcnccd In the 
piolonged pciiods of high osmolar watci cxciction 

Glomctulat fiUtafton tafe The a^clagc daih glomenilni flltiation latc was 
mcasuicd ))\ endogenous cicatimnc cleaianccs The time couises of glomeiular 
filtiatioii latcs are shown in Figs 5, G, 7, and 8 and Table IV Theic weio defi 
nite dail\ ^a^latlons in the same subject These \aijntions weie not influenced 
bv osmolai load, the ciniionmcnt, or mcicuual or spontaneous duuesis noi weie 
thci iclated to magnitude of osmolai, fiec, oi total watci cloaiance latcs The 
a^ciage cicatininc clcaiancc was slighth highei in tlie cool enMromnent (86 49 
ml /mm ) than in the hot and humid one (82 98 ml /rniii ) There wcic periods 
when the icieisc was tiuc in 3 of the 8 subjects Tlic lates of creatinine clcai 
ance were as laigc in the subjects with congestne heart failuie as in the normal 
contiol ones In addition, the subjects with hcait failure showed less change 
in glomciulai flltiation ntc in the two cn-viionmcnts than did the controls 
The a\ciagc latc of glomciulai filtration of mOsm per minute summarized 
in Figs 5 to 8 and Table IV wcic derned from the creatinine clearance and 
the osmolaiit\ of the plasma foi the same tunc Tlie niilliosmolar reabsorption 
was about 98 5 pei cent of that excicted throughout the period of stud\ There 
was a slight incicase in the niilliosmoles excreted in the cool cn\iionment o%er 
the hot and humid one, but the difference amounted to onh 49 mOsm pci da^, an 
amount well A\ithin the expected loss bv sweating In each subject, the milh 
osmolar excretion tended to be fairlj constant with larger amounts excreted 
during mercurial and spontaneous cliiiiesis 

Comment Of the 4 subjects with congesti\c heart failure, 3 were moderatelj 
seveie IIowe^Cl, since their lates of glomerular flltiation were as high as those 
of the control subjects, inadequate glomciulai filtration was not iiuohed in the 
production of the clinical sMidiomc of congestne heait failure m these subjects 
The daih ^allablllt^ of glomciulai filtration rate in both contiol subjects 
and in tlie subjects with heait failure was quite nnpiessnc This lias been true 
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for all substances measured in the nrinc in this laboratory.'" !^^oment-to- 

inoment variations of this fnnction were not obtained iii tliese cxi)erimonts as was 
done in other studies in the past. However, larf,m day-to-day variations were 
noted even thons'h the snb.iects were at bed rest and in a stead.v inelabolie state. 
These findiniis indicate further tiie need for imdtiple and prolon<;ed observations 
of renal functions in order to establish the ranpe of normal and to as.sc.ss the 
effects of various procedures on such renal phenomena. 

The relative independence of the osmolar load excreted from osmolar filtra¬ 
tion is evident in these data. Ad.iustments to tlic needs of balance of botli water 
and electrolytes over a wide ran"c of filtration rates, and under the circumstances 
of two quite different environments, must have been primarily tubular reactions. 

niscu.ssiON 

These studies revealed several intercstinp: urinary excretory jjhcnomeiia. 
For example, a hot and humid summer environment ])roduced in most of the sub- 
.iects a significant increase in extrarcnal losses of water and electrolytes even 
though the sub.ieets were at bed rc.st. In addition, there was an increase in 
osmolarity of the urine with a tendency to negative free water clearance. An 
unusual voluntar.v intake of water developed in some people acclimatized to a 
hot and humid summer and continued while they were in the air-conditioned 
ward where extra requirements for water were not necessary. The habit of 
drinking large quantities of water appeared to us to be a manife.station of ac¬ 
climatizing ad.iustments made by .some people of Ijouisiana to the heat and hu¬ 
midity of the summer. Prohahl.v with a longer period of residence in the cool 
environment the intake would have declined to the usual levels. Purthormorc, 
the high intake, although adequate for the hot and humid environment and as¬ 
suring e.ssentially an average normal \irinary .stale, resulted in a dilute urine of 
large volume when continued in the cool environment. 

These experiments revealed the marked fluetuations in urinar.v clearance 
and excretion of CP'’, CP'’, Na-'*, Rb‘", IF', and lIoO when intake of these 
substances and physical activities were relatively constant. These marked daily 
variations support further similar previous observations'^’ of marked fluctua¬ 
tions over shorter periods of time as well as for daily intervals. In view of such 
variations, it is ncces.sary to exercise caution when observing renal function and 
urinary excretion with only a few sxich measurements. 

The dail.v endogenous creatinine clearances recorded for 26 consecutive 
days revealed no significant differences between the time course and magnitude 
of the rates of glomerular creatinine clearance of the snb.iects with or without 
chronic congestive heart failure. The patients with heart failure had both re¬ 
missions and exacerbations in their failure during tlie observation period. It was 
evident from these experiments that any variations in renal function associated 
with the congestive failure were primarily tubular. Furthermore, it would like¬ 
wise appear that unless congestive faihrre is severe, glomerular filtration remains 
■within normal limits, at least for thc.se sub.icets with moderately severe chronic 
congestive heart failure. 



SlUDlI S 01 II , lIjO, ClJ , C |i , ^li J, Jill* , V^D K-i lOf) 

\ >bcr 1 1 7 t t ! ) 1 


These expeliincnts ic\enl the faclIlt^ AMtIi winch renal function nun be 
followed eontiniioush and sinmltancouslv with difTcient ladioaetno isotopes 
Although onh 3 weic cmplo\cd m this stiuh, a laigei numbei could he used 
cqualh well b\ taking ad\anlngc of diffcicnccs in latcs of plnsical decn^ and 
cue^g^ and spectia of ladiation Volatilisation" and other special plnsical and 
chemical chaiacteiistics of the element ina\ incieasc fmthei the numbei which 
ma^ be employed TJicic aio mam adiantages in obscr\ing sc\eial diffcient 
tiaccn simultaneously, in a gnon animal lalhci than tiacing each sepaiatch 

Again, these exiicnmcnts confiim plnsiologic data piCMoush desciibed in 
man^ “ with and without ehiome coiigcstne hcait tailiiic foi Cl"^, CI‘ , Isa 
Xa=\ Ilb*'', and K" and add the simultancoush obsened icnal exciction ol 
IPOII These exiioiimcnts add suppoit to alicad\ existing data, thus incicasing 
the ^ alldlt^ of the findings foi man ns a w hole 
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Med 34 1, 1949 



THE PRESERVATION OP BLOOD FOR TRANSFUSION 
III. I\Ieciiaxisji of Action op Container.s on Red Blood Cells 

ilAx M. Strumia, Loulse S. Colwell, A.B., and Ann Duoan, 

Bryn IMawr, Pa. 

With the Technical Assistance op Jean Bentz, A.A. 

It has been shown that reel cells eollectecl and stored as whole blood arc 
differently affected by the nature of the container.s, as evidenced by in vitro tests 
and posttransfusion survival .studies.’- - The purpose of this inve.stigation is to 
gain information on the mechanism of this effect. 

We may consider the effect of containers on the red cells as possibly due to; 
(1) substances leached from the containers; (2) the liquid-air interface; (3) 
the water repellence and other physical properties. In the e.vperirnental work 
here presented these factors were analyzed individually. 


materials and methods 


For tho study of flio olFcct of leacliod .‘sub.staiicp.a, ilonor.s vcrc bled from Hie same 
venipuncture in 2 to 4 separate containers. The lilood speciniens were coilected in ACl) 
solution, formula NIH-A, at room temperature; tlie containers witli tlie blood \Yere tlien 
placed in an ice water batli for one-half liour and then .stored at 5° C. One of tin- eontniner.s 
for each donor was alway.s a standard boro.silicate glass bottle, ns control; a similar bottle 
contained strips of tho plastic in amoiint.s equivalent to the .surface of a bag norinally in eon- 
tact with the blood. Whole plastic bags were also used, as controls, whenever eommercinlly 
available (plastics C and X). 

In addition to testing the plastic iiiatcrial actually used in bags available commercially 
for storage of blood, samples of plastic material were obtained to test tho clTcct of plasticizers, 
stabilizers, and mold-releasing agents. 

Plastic material EA-2158, EA-2159, and EA-21G0 consisted of samples of laboratory- 
prepared polyvinyl chloride sheeting* of the following composition: 


Geon 101 EP (polyvinyl chloride) 
Plexol 201-W (distilled DOS) 
Monople.v DOS 
Calcium stearate 
Harshaw's 9 V -1 


EA-2158 BA-2159 EA-21G0 

62 63 62 

38 — 

— 38 38 

— — 1 


Plastic sample EA-2158 is made of polyvinyl chloride plasticized with a distilled grade of 
dioetyl sebacate; this represents a higher quality than the Alonoplex DOS, a standard grade 
of plasticizer used in material EA-2159. In sample EA-2160, calcium stearate is added ns ti 
mold-releasing agent and Harshaw’.s 9A*-1 as a stabilizer. This material is a zinc compound 


Prom The Jolin S. Sliarpe He.search Foundation and tlie 
thology of The Bryn Mawr Hospital, Bryn Mawr, Pa. 
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and Development Board. 
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tm\t(l or a'>'«0(t»t4p nitli iIKaI jir\I iihosphit* Tlit znic coiitdit is J7 pir («iit Ziiu is 
i sfjiliilircr js (‘oinmonU ii«((l wlion low to\i<it\ is one of tlu inojicitios cl(siio(l ind d tlic 
oiiU met il prisuit in m\ niiprecuhli quintit> m this pi istn G1 i^s bottles eoiit uninp the 
ACI) ‘solution niul the plastie strips wire ‘‘tinliriil with steim for 30 immites it 121® C 
Till method for tin mensnruiunt of ml nils sur\i\n! h\ tnupinfj with Cr • ind for tht stud} 
of propirtus in ntro are deserihed »i « ]>re\ioiiH piiblu ition ^ 

For tlu stmh of the liquid nir interfui, two plastic liifis lontunmt; 75 ml of ACD 
solution were used "With stirile tichniqui, 37 ml of solution was remo\ed fiom ( icli 
baKj om approxiniitiU 250 ml of fiUtrctl nir was introduced \ donor was bled of 

500 ml of blood, 2o0 ml iKinj; introdmed dircctl\ in oich of the two bags Blood was 
stored at 5® C for 3 weeks 

For the stuih of the effect of immiilinte ami prolonged contact blood was collected 
in (ontainers of ]da«tic, glass, and silicom coatnl glass* Blood w is ntlier cooled and 
stoud in the sanii container or tr msferred bifon cooling to i eontaincr of a difTeront 
nature as indicated in each experiment 


RESULTS 

Ujfcct of Substances Leached Fiom the Caniainets —The fust senes of e\ 
peiimental studies x\as directed to imcstigato the effect on icd cells of substances 
possibl} leached fiom the plastic Tabic I shows the effect of the \anous plastics 
on the led cells, as dctcimined b\ m Mtio studies It will be noted that the addi 
tion of plastic X, obtained fiom commcicialh a\ailablc bags, and, to a Icssci o\ 
tent, of plastic 1]A*2158 is accompanied b\ an mcieasc in the amount of free 
plasma hemoglobin A similai effect is noted when blood is stoied in a containei 
made with plastic X Hemohsis in 0 63 per cent saline solution appeals to 
piogross somewhat moie lapidh when plastic X is added 

It IS noted that damage to icd cells, evidenced bv incicased fiee plasma 
hemoglobin, is cxoitcd bv the plastic matoiial witli or without the presence of 
glass suitaccs The high concentiation of fiec plasma hemoglobin occurring 
wlicn blood is collected m unsuitable plastic has been noted pievioush Plastic 
C added to a glass bottle does not incicasc significantlv the concentiation of free 
hemoglobin All othei data levcal no significant differences 

In subsequent experiments posttiansfusion suivival studies of led cells 
tagged with Cr ^ weic earned out siinultancouslj with the in vitio studies 
Some of the plastic materials used iii the fiist oxpeiiment weio added to glass 
containers, and foi cacli of 9 units of blood an autotransfusion and a tiansfusion 
in a compatible recipient wcie done, aftci a period of stoiage of 21 davs 

In vitro studies showed variations in the plasma hemoglobin and m the 
adcnosinetiiphosphatc (ATP) content, suggesting that the addition of plastic 
EA 2158 caused some damage to the led cells iMueh cleaiei ev idence of damage 
is shown bv the lesults of posttianfiision siuvival of the same units of blood 
(Pig 1) Normal posttianstusion survival was noted with the addition of 
plastic EA 2159 Similar icsults wcic obtained with plastic EA 2160, except foi 
a single unit of blood The average siuvival, however, of patients tiansfused 
with the units of blood to which plastic EA 2158 was added is definitel} shoitcr 

•All glass containers were of borosilicate anil obtained from the Wheaton Glass Com 
panj Vineland N J Silicone llO" was employed as obtained from Dow Corning Corporation 
Midland MIch Emulsion 35 A obtained from the same corporation was also used 
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than tliL a\(iagc span obseucd foi tlic units of blood stoied in liottlcs to ^\lllch 
otlioi plastics ^\tlc added This cMdcntc again suggests that some substance 
^\lth a to\ic effect on the icd cells has been leached out of plastic 12A 2158 The 
damaging effect ot some commercialU a\ailablc plastic bags on icd cells has 
been j)ie\loush lepoitcd* " 


AUTOTRANSFUSION 
COMPATIBLE RECIPIENT 


% 

SURVIVAL 2158 EA 2159 



EA-2160 

AVERAGE SURVIVAL 75% 




0 2 4 6 8 10 


Hff 1—Posttran^fuslon Cr*‘ raaioactiMt> surxUil of red cells stored as ^\holc blood in boro 
silicate bottles to >\hlch >arlou«5 tjpes of pl^stic material ha\e been added 


Effect of the Liquid Air Intel face —Blood tiom a single donoi was collected 
in two plastic bags, one containing filtcicd an and one collapsed, all othci 
tactois wcic similai In Lxpeiimcnt 1 ioui lecipicnts wcic tiansfused (Fig 2) 
The 24 horn posttiaiisfusion sinwnal oi iadioaeti'vit% ot Ci Magged icd cells 
collected and stoicd m bags with the liquid aii intcitacc was 68 poi cent, in 
the contiol senes wheic blood was collected without liquid an inteifacc, the 
sunnal was 67 pci cent 

In the second cxpeiiment (Fig 2) two lecipients weie used, at 24 houis 
posttianstusion the ladioactiMt^ suiM\al ot lod cells collected and stoied with 
the an liquid mteitace was 85 pei cent, identical siUM\al was nottd foi the led 
cells collected and stored w ithout the an liquid luteifaec 
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\o\umt >3 PHI srR\ AiioN or blood tor iKANsrusioN in m 

In .inotliei t\peiiniLiit sluikmji ^^as added to intciisif} the cftccts of the 
liquid ail intciface in tlie pusence of ^^cttable and ^atii icpoilin{r suiiaces 
Blood (500 ml ) \\as collected liom Aouiifr, hcalllu donois into a plastic bag 
containing 75 ml of ACI) solution The collection ^\as made thiough ])lastic 
tubing, at loom tcmpci.ituic and -with hand mi\ing In each case, immcdiateh 
aftci collection, 250 ml ot blood was liaiistciicd to a standaid glass donoi 
bottle In gia\it} The plastic bag was then placed in a iigid tontainci and 
paitialh filled with an Thus, the liquid an mtcilace and the icsilicnc\ tactois 
weic piacticalh eliminated, and the onh lemaining \aiiable was the mateiial 
of the containci 


•/, 

SURVIVAL 



Fiff 2—Posttransfusion Cr«‘ ratlloactiMtj survival of rel cells stored as v\hole blood in 
plastic biKs VMtli air llqui I Interface and In control plastic bags without the air liquid inter 
face 


Shaking Mas earned out on a mcehamcal agitatoi foi about one bom, at 
the following intervals of time (1) iminediatelj after eolleetioii, (2) on the 
tenth day of storage, (3) after 20 to 22 davs oE storage, immediately before 
transfusion 

All blood specimens were stoicd for 20 to 22 dajs and the led cells weie 
tagged Mitli Cl ' before tiansfusion 
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In vitro studios, imnicdiatoly l)ei'orc tninsfiision, included ])lasin!i hemo¬ 
globin concentration, hemolysis of red cells in 0.f)8 pei’ cent NaCl solution, A.T.P. 
content and mean corpuscular volume of red cells, dextrose and lactic acid con¬ 
centration, and pH of plasma. No differences were found in anj- of the results 
which can be attributed to shaking or to the type of container in which the blood 
specimens were collected and stored for 20 to 22 days (Table 11). 

The results of the post transfusion survival of red cells show that shaking 
of blood damages the red cells; no significant difference was found between the 
survival of red cells shaken in the two types of container (see Table HI). 


Tabt.e III. SuRvivAi. OF CiV'> Radioactivity or Red Celi.s Coi.i.ected ix Gi.ass an'd Plastic 
Contai'nkiis, With LiQUin-Aia iNTEncACE, Shakes at Diffeiie.vt Ixteuvals of Time, 
AND TkANSFUSEI) AFTER A STORAGE OF 20 TO 22 DaYS 



1 PLASTIC CONTAINERS j 

1 GUVSE CO.XTAI.XERS 

time OF SHAKING 

LAYS OK 
STORAOE 

PKR CENT 
RADIOACTIVITY 
24 JIPw POST- 
TRANSKUSION 

DAYS OK 
STORAOE 

PER CENT 
RADIOACTIVITY 
24 HR. POST- 
TltANSKUSION 


Immediately after eollectioa 

22 

22 

84 

83 

21 

21 



2*> 

74 

21 


Aveiage 




70 

At 10 days after eollectiou 

22 

22 

CO 

71 

21 

21 

73 

00 


21 

08 

20 

73 


21 

74 

20 

00 

Average 


71 


71 

At 20 to 22 days after colleetiou 

21 

71 

20 


and iramediafoly before trans- 

21 

07 

20 


fusion 

22 

7G 

21 

75 

22 

72 



Average 


72 


72 

Controls, not shaken, 

collected and stored in the 

same eontainer 



PLASTIC CONTAIKKKS 

1 GLASS DOTTLES 


21 

80 

21 

03 


21 

80 

21 

05 


21 

84 

22 

03 


21 

72 

22 

80 


21 

87 

20 

70 


21 

8.3 

21 

07 


21 

03 

21 

53 


21 

04 

21 

57 


21 

82 




21 

82 



Average 


85 


GO 


Effect of Water EepeUcncc and Other Physical Properties .—There has been 
much speculation concerning the effect of wettablc and water-repellent surfaces on 
red eells, probably suggested by the effect noted on platelets.'* The improved 
preservation of red cells stored in plastic containers has been attributed to the 
water repelling properties of plastic.” The results of the experiments previously 
reported on the effect of the licjuid-air interface cast much doubt on the validity 
of this hypothesis. Agitation of blood in plastic and glass containers resulted in 
similar changes. More specific studies were carried out to determine the effect 
of wettablc and water-repellent surfaces on red cells taking in consideration 
possible immediate effect and the effect of prolonged contact. 





uiomf^. in\ri()\ ()i HiooDioK riMN^nsioN III j]3 

In tlie fiiM c\j)oiiimn{ ))lo{)d iiom 44 iioini il nouiiji imn u<is colkcUd witli 
ACD solution as ^ollo^\s in jilain glass contaiiuus, 10 subjects, in silicone 
coated glass containeis 14 subjicts, and in plastic containoi’s, 11 subjects Tlic 
blood specimens, about 30 ml (Mch, voii lmmcdlatcI^ tagged ^\ltll Ci ^ and auto 
transfused uithin one bom of collection The losults of stud> ot posttiansfusion 
sunnal aic shown in Table IV No significant difiercnce is sliowii attiibutable 
to the immediate efiict on ud cdK of the 3 t^pes of containeis, the mean sui 
M\al at 24 houis posttraiistusum loi the 3 t\pes being snml ii 


Twor II rffrer oi IiniEmm Cosricr With tuiois T\/fs ot Scrticf^ o\ tiif 
PosTTi VNsnsTos SuMUvr m R\Dio\cTniT\ or Ci » T\cofi> Rrn Criis, \i to 
TRVSSKSFl) ^NITIUN OnF HolF 01 COJ T I FCTIOS 


TMFOFCOXTMNFr | 

J IP CFXTSOI \I\ VI OPU 11 I vniovcTiv tT\ 
24 nr iosttfvxsiusion 

r 

ME.VX 

llorosilicate coutniiicrs 

'>'1, ‘>7, 97, 97, 06, Oa, 04, 04, 04, 04, 
02, 00, 90, 80, 80, 89, 87 

04, 


03 

Sihconc conted gli^s containers 

Oj, 95, 04, 94, 04, 03, 93, 02, 02, 92, 
8S, S7 

SO, 

so, 

92 

Photic contnincr*! 

"'1, ‘10, 03, 03, OJ, OJ, 04, 02, 'ifl, 89, SO 
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Standard dciintion r= 13 


The effect of piolongod contact of lul cells with difteicnt t^pcs of containeis 
was studied in two gioups in the following jn'innei 

1 Blood was collected m plastic containers and immediately tiansfcircd to 
plain hoiosihcatc bottles In these expoiiments theic weie 3 donois and 3 tiaus 
fusions, of which 2 were autotiansfusions The blood was stoicd fiom 21 to 22 
da^ s 

2 Blood was collected in glass bottles and immcdiatch tiansforrcd to 
plastic liags Ill this expeument 3 donois weie used and the blood was auto 
tianstuscd after 20 to 23 da\s of stoiagc In all instances, both donois and 
iccipicnts wcio noimal young men 

TJic icsults of posttiansfusion sunnal studios aic sliown in Fig 3 The 
blood collected in plastic containeis and stoicd in glass containeis shows a sui 
M\al similai to the a^cragc obtained in 8 control units of noimal blood collected 
and stoicd in glass containeis foi 21 da^s The blood collected in glass con 
taineis and stored in plastic containeis shows a sunnal similai to that obtained 
in 10 contiol units of noimal blood collected and stoicd in plastic containers foi 
21 dais 

Si\ units of blood fiom normal -voung men were collected in glass containeis 
coated with silicone The blood was stoicd in the same containeis for 21 to 22 
davs, 4 units were autotiansfuscd and 2 units were tiansfused in a compatible 
recipient 

The lesults are sliown in Fig 4 The a^eiage suiinal at 24 liouis post 
transfusion is 78 pei cent, dofiniteh highei than the a\crage of a contiol gioup 
of 8 expoiiments using blood collected and stoicd m plain glass bottles foi the 
same length of time The suui\al \ahies \ai\ eonsidcrabh m the 6 obsei\a 
tions—fiom 68 to 02 poi cent The lesult with silicone coated glass surfaces 








PERCENT 

RADIOACTIVITY BLOOD 

SURVIVAL COLLECTED AND STORED IN SILICONE 

100-1 treated glass bottles 

21 -22 DAYS 
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docs not appeal to be ns good as the lesult obtained ^\lth the best t%pcs of plastic 
containois at \arions times ha^c gi\en a 24 hour posttiansfusion sur 

^l^al of S4 to 87 pei cent foi icd colls stoicd foi 21 da^s 

DISCUSSION VNDSUMMVR\ 

IXpcrimcntal c\idcncG has been picscntcd suppoitmg the Mew that ccitam 
inateiials clnplo^cd in the piopaiation of plastic contaiiioi*s foi collection and 
stoingc of blood c\cit a toxic effect on the led cells So fai, pohMinl chloudc 
lias been tlie onh matenal used foi the mamitactuie of containeis foi collection 
and stoiage of blood Ijien high giadc polwunl chloiide plasticired wnth a 
distilled ciade of dioctjl scbacatc nia\ exert a toxic cftcct on icd cells This 
toxic effect nla^ be eliminated when the basic plastic is compounded In the 
addition of a propei stalnlizei, such as one containing zinc Some plastic 
matciials cxeit a toxic cftcct on led cells c\en aftei compounding with a 
stabilizer 

It has also been shown tint the haimful effect of the plastic matciial is due 
to Icachablc substance oi substances, this nnfa\oinble effect on led cells ma\ be 
detected In in Mtio studios These in Mtio studies aic iccommcndod as sciceii 
mg tests foi the c^aluatlon of plastic mateiials intended for use in the nnnu 
factuimg of containois foi collection and storage of blood In m\o studies 
liowcnci, should alwa^s bo used bcfoie loloasing the containois foi clinical use 

The impio\einont which is noted on the led cell picscuntion when blood is 
stoied in glass containeis tieattd with sihcont would indicate that glass con 
tamcis also iclcasc substances toxic to the icd cells Wlicn blood is collected in 
glass bottles containing ACD solution and the blood is icmo\cd fiom the bottle 
immcdiatch after collection and tiaiisftriod to a plastic container foi storage, the 
piopcities of the ACD blood aie similai to those of blood collected and stoicd in 
a plastic container This indicates that the toxic material released b^ the glass 
is not pic existent in the anticoagulant, but is foimed fiom the intciaction of 
citiatcd blood and containci as the stoiagc piogicsscs This phenomenon is 
piohibh related to the soluhilit\ of silica At pH 5 of the ACD solution, silica 
IS piacticalh insoluble At pH 6 2, the solubilitA of silica is 0 2 parts pel million 
At pH 7 ot the ACD blood at time of collection, the solubiliU is 2 paits pei 
million ® It IS piobablc that silicates leaching out fiom the glass duiing stoiage 
of blood aie lesponsible toi the damage to icd cells, leducmg then posttians 
fusion siii\i\al A similai conclusion applies to the effect of plastic matenal 
the toxic effect manifests itselt onlj on piolonged contact duiing storage 

It has been shown that the presence of the liquid air intcifacc does not in 
fluence the m Mtio piopcitics and the posttiansfusion siir\nal of led cells No 
CMdence has been found suppoitmg the mcw that the siiiface piopcitics of 
plastics base a causatue lelationship with the impiovcd picsci\atiou of blood 
stoied in some plastic containeis Paitieulaih suggestne aie the lesults of 
shaking of led cells in the piescncc of wcttable and nonwettable siu faces 
leprcscntcd, iespecti\eh, bi glass and plastic siiifaces This oxpenment shows 
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that shaking of blood immediately after collection is significantly less damaging 
to red cells than when done after a period of storage. This observation con¬ 
demns the common practice of ti’ansporting blood after a period of storage. 

The 24-hour posttransfusiou survival of blood collected and stored in glass 
containers for 21 days has varied in experiments conducted at various times 
over a period of years from a mean of 69 to a mean of 74 ])or eent. These 
differences in results may be attributed to changes in the gla.ss, i)robably due to 
reuse of the containers. Similar variations have been noted in the posttrans¬ 
fusion survival of blood collected and stored in gla.ss containers coated with 
silicone: these variations may be due to our inability to obtain a co?i.stant and 
uniform coating of the gla.ss surfaces. 

CONCLU.SIO.V 

The variable toxic effects noted on blood stored in glass and i)lastic con¬ 
tainers is attributable to substances leached from the material of which the con¬ 
tainers are made, either glass or plastic. 
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IN VITKO STUDIES ON THE PRESEnVATlON OP JrAHEOAV CELLS 
IN OLVCEEOL AT LOW TEjMPEKATURES 
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Cooi*i rstomn, N y 

Wnii TUI TrciiNK vl AssisrvNcr oi L\iv Nourox, IIvrion Wvtts, vxd 
DoRoiin Thom vs 

I N LOWER animals, niti.ncnons admimstiation ot niaiiow colls fiom hcma 
tologicalh iioinul donois Mill upopulato the maiiow spaces and induce 
locovciv aftci otlicz’Misc lethal exposiiic to ionizin'^ ladiation * ^ In man 
imiioM liom total and adult cadavcis and fiom biopsv and sui^ical specimens 
has been administcied without untowaid event and, at times has seemed to be 
of benefit to patients receiving laigc doses of total bodv ladintion 

The laigo quantities of noiinal maiiovv loquiicd bv clinical studies maj be 
obtained bv piompt stciilc dissection of hcmatologicnllv noimal cndnvei>^ 
Since suitable cadavcis aic not alvvavs available at the paiticulai time when 
mauow IS needed, some method foi pieseiving maiiow is dcsiiablo Successful 
piescivation allows time foi testing steiilitv, viabilitv, and compatibilitv in 
homologous tiansfcis and is esscntiil when autologous maiiow is used in 
piticiits icceiving cxteiisivc ladiothciapv oi chemotheiapv 

It Ims been shown that mouse miirow ictaiiis its vmbilitv at 4° C foi onlv 
3 to 5 davs^ and foi onlv about two weeks in tissue cultiue® Hematopoietic 
tissue of the mouse’ “ and labbiP* have been pieserved foi long peiiods bv 
lieezmg in glvcciol to -79° C In these studies on lodents evidence of cell 
vnbilitv aftci pieseivation is obtained bv demonstiating that intiavenous 
admimstiation of the picseived mateiial pievents death aftei an othciwise 
lethal dose of ladiation In vivo assav of this tvpe is not often piactical in 
man, though it has been accomplished in at least one instance'' In vitio test 
ing, therefoic, must be used to piovidc pielimiiiaiv mfoimation about pieseiva 
tion pioccdiiies applied to human mairow 

This icpoit deseiibcs in vitio studies of the efleets of glvcerol and fieeziiig 
on human and lahbit mariow cells Cell counts, moiphologv, motilitv, dvc 
pcimeabihtv, and dcsowiilionuclcic acid (DNA) svnthesis have all been used 
as ciiteiia of piescivation and viabihtv Because the svnthesis of DNA is a 
necessarv picliminaij to cell division, ineasuicmciit of the late of it.s synthesis 
has paiticulai value as an mdicatoi ot pioliferative abilitj 

Prom the IMiry Imogene Da^sett Hospital ('iffiliatel ^Mth Columbia Universltj ) Coo 
perstown N 1 

Supported in part b^ a research (,rant (C 26-13) from the Unite 1 States Public Health 
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MATERIALS AKD METHODS 

Human marrow \\as expressed from ribs obtained at surgery or from postmortem dis¬ 
sections performed nithin 1 to 3 hours of death. From 0.5 to 2.5 Inllion nucleated cells 
uerc obtained from each rib. Rabbit marrow was obtained from healthy young adult 
animals. The marrow was suspended in 5 per cent autologous serum or human albumin in 
balanced salt solution (Hanhs’ solution)* and was passed through stainless steel serceiis to 
break up marrow particles n The suspension was centrifuged at 200 g for 10 minutes, 
the supernatant fat and liquid were discarded, and the sedimented cells wore resuspended 
in serum adjusted to a pH of 7.G or tissue culture media and gl,\eerol-saline as indicated 
in the individual experiments. One to tire milliliter aliquots containing 10 to 100 million 
nucleated cells were pipetted into 10 ml. silieoned vials for assessment of freeriiig procedures. 

Freezing was usually earned out by placing the vials in air at -20° C. for 25 minutes. 
Vials were then transferred to a dry beaker floating in a Dry Ice and alcohol bath at -79° C. 
for 15 minutes. Tlic frozen rials were then stored at Dry Ice temperature, -79° C. This 
method of “slow” freezing was found to produce a temperature ciirrc approximating the 
curve described by Barnes and Eoiitit,s i.e., 1 degree ]>er minute to -15° C., then 2 degrees 
per minute to —70° C. “Rapid” freezing was achieved by immersing the vials in a Dry 
Ice and alcohol mixture and rotating them until freezing rras completed. Tharriiig rras 
carried out rapidly in a 37.5° C. water bath, and glrcerol was removed by a modification 
of the technique recommended by Slovitcr.’'' This consisted of adding one half xolume of 
35 per cent glucose in water to the cell suspension. One \olume of saline was then added, 
followed by another rolumc of saline 5 minutes later, total dilution being 1 to C. This 
diluted suspension was centrifuged at 200 g for 10 minutes and the supernatant discarded. 
Tlie cells were resuspended in a 50 per cent serum and Hanks’ solution and incubated for 
one hour in the presence of C“ formate. The iiicorjioratiou of labeled formate into the 
thjTuino of DMA was determined as previously described.^ Control aliquots of marrow 
not exposed to glycerol or freezing were similarly incubated as soon as possible after 
removal from the body in order to obtain a base-line measurement of normal actitity. 

Cell counting was performed under the phase microscope using 5 per cent alliumiii 
in Hanks’ as the diluting fluid. Motility was obsened under the phase microscope. Smears 
were made on cover slips from suspensions of tlie marrow in 5 per cent albumin in saline. 
On .a number of occasions viability was assayed by the method of Schrcckf’ using cosiii. 
Samples considered nonviablo by eosiii staining were iionvinble by other tests. Howeier, 
some samples considered liable liy the cosin tccliniquc were inactiie when tested for DXA 
symthesis. 


KESUL.TS 

The Effect of Freezing in Glycerol on Cell Counts, Motility, and Mor¬ 
phology .—Marrow cells exposed to glycerol and freezing have been found to be 
extremely fragile. Initially it xvas found that after removal of the glycerol 
the cells tended to stick together in tenacious, stringy aggregates, making cell 
counts and morphologic observations impossible. After a few cells are disrupted 
by manipulation or preservation procedures, a sticky material appears in the 
suspending medium. This material presumably is DNA.^' Formation of cell 
aggregates in this viscous material is prevented by adding reerystallized 
desoxyribonucleasef to the suspending medium in a concentration of 0.01 mg. 
per milliliter. This pnrified desoxxTibonuclease xvas found not to inhibit DNA 

♦Sodium chloride 8.0 Gm , pota‘?sium chloiide 0 4 Gm , m iRne'^lum sulfate 0 2 Clm. calcium 
chloride 0 14 Gm , sodium phosphate 0 06 Gm, potassium phosphate 0 06 Gm , and Glucose 2 0 
Gm Sufficient distilled ^\ater to make 1 liter, pH is adjusted to T G with 03 N sodium 
hj (Iroxide 

fWorthin^ton Biochemical Laboratoiy, Fieehold, X J. 
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SMitlicsis In niaiiow cells c\en in conccntiatioiib of 1 mg pei inillilitei Van 
(lasc* was tonnd to mliiint DNA siiitlicsis in concintiations ol as little .is 0 001 
inj: pci inillilitci 

Allii fiec 7 mg 111 (;hcciol ami tlniwiiif;, iiiaiiow cells weic foiiiul to be 
easih clcstioicil In the nsn il eoniitiii" pioeednie Esposnic to 3 pci cent 
acetic acid lesulted in cell hsis oi tlic lonnation of eliiiiips lliat made countiii" 
impossible Cells inciilntcd in Mtio foi one oi moic boms at 37° C (T.ablc I) 


TMILF I lilF EfUCT Ol TllF 1)11 LTlSO FlOIIi OS COUNTS OF IIUMAN ttirROlV CfII s 
EsrOSFIi TO GnCIPOL vsii Fffifino 




NUCIPATri) cm COUNTS 


DILUTING HUID 1 

IMTI\I 

1 1 nr 1 

4 UP 

Control 

39 ?’ ncotic ncid 

27,7o0 

24,100 

23,800 

5% albumin in Ilnnk’*! «olution 

22 ^30 

22,430 

21,333 

Ghctrol nnd Froozincr 

neotic ncid 

25 650 

9 500 

6 600 

5% Dlliumin in ITank’o «olution 

21 135 

20,367 

20 333 


aie leadih dcstioicd In oidiinn counting piocednics using 3 pci cent acetic 
acid Iiiiti dh tills phenomenon gate use to the ciioiicoiis impicssion that 
cells wcio being dcstioicd In the picseiiation pioccdme Fne pci cent al 
bumin in Hanks’ solution, theicfoic, ins used as the diluting (luid and counts 
iicie made itndei the phase microscope It iias then found that oici 90 pei 
cent of the nucleated mniioii cells sunned the glicciol .and loii temperatiiic 
fieezing pioccdme 

Tho csaggei.ated mcehamcal fiagilitj of picseiicd cells iias also tiouble 
some m making smcais Caieful eoici slip smeais unifomli demonstnted 
smashing of tho 1111301 iti of the cells \Vlicn the smears 11 ere made using cells 
suspended in 5 pei cent albumin in saline as dcsciibed bi Beicnb.aum’® it was 
found that the cells iieic moiphologic.alli noimnl (Fig 1) 

Jfaiion cells subjected to the ghcciol and low tempeiatme piocediiic and 
subsequentlj protected against mechanical tiauma and clumping In desosi 
iiboniiclease, ueic found iindei the phase micioscope to be noimal moiplio 
logicallj Thej e%hibitcd motilitj of appioxiin.ateh the same degiee as the 
contiol picpaiations 

The Effect of “Ihcimal Shock” and Stoiage Icmpeiuture on DNA Syn 
thesis —In studies on the piesen.ation of bull 801000 ,'“ sudden chilling has been 
found to be lethal Tig 2 illustiatcs an cxpciiment designed to deteimine if 
sudden chilling to 0° C is also detrimental to marrow cells Onij slight 
inhibition of DNA sjnthcsis was obsened in aliquots of human maiiow exposed 
to a single sudden cbilling, but lepcated chilling depiessed DNA sjaithesis 
appieoiablj It appeals that maiiow cells should not be exposed to fiequent 
changes of tempeiatme dining in Mtio manipulations 

Human mairow and labbit mairow, suspended in 5 per cent homologous 
serum Hanks’ solution and stored at 4° C, maintain normal abilitj' to sjnthesmc 

•Streptokinase 'itreptocloina'ie Lcderlc LiboritonC'* Pearl Ri\er N 'i 
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DNA fov ii])i)roximutoly 24 liours. Viabilily is rapidly lost at room lompcra- 
ture, at 37° G., and on storage at 4° C. in acid citrate dextrose solution 
(Formula A, U.S.P.). 




ITlp. 2—'The effect of sudden chiUmg on synthesis bj human mairou cells. 


The Effect of GhjceroJ on DNA Synthesis. —Fig. 3 illustrates an experiment 
designed to detei'mine the effect of glycei’ol on the ability of mai'row colls to 
synthesize DNA in vitro. It can be seen that all concentrations of glycerol in 
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(\tess ol 2 I i>ci cent dcpicssul DXA sMithosis Tins t.\j)oiiment indicates the 
ncccssits ol iciiioMii^ ghtoiol lioiii cills bcfoic iiic.isiiiiiig DNA sMitlicsis 
Ill 4 oxiiciiiiiLiits (Table U) the abilits ol iiiiiiOM cells lo SMitlicsizc DNA 
lifter expositie to I'i jici cent ghcoiol AMtlioiit fiecziiig was dctciiiuiicd and 
compaicd with bimilai cells aftei exposme to both fioeziiig and ghceiol It 
IS apparent that initcli oi the ti.iiiina ol the piesen.ition pioeediiie is due to 
the c\posiiic to ghceiol 


THYMINE 

CPM/pM 



Pip }—The effect of ghcerol conccntntlon on DN V s^nthe'^Is b> rabbit m'lrrow 


TAfifF II A COMr\}ISON OF TIIF EF»rCT or Gl ICFFOL AfO\E ANp G/ICEFOL I’fbS FRFF;':Nr 

ON TiiF SwTiiESis OF DIsA B\ Mapfow Cfli s (Pep Cent of Contfoi) 


NtArPOlV SOUPCF 1 

ri\ciroi j 

(pep cent) 1 

rr\CFPOL AND IPFFZrNC 
(PFP CFNT) 

Iluimn 

40 

40 

Human 

72 

53 

irumin 

58 

28 

Rabbit 

66 

40 


The Ejfect of Glycerol and Freezing on DNA Synthesis —Ghceiol lo^^ 
tcmpeiatiue piesenation of the abilih of InallO^\ cells to synthesize DNA is 
illustrated in Fig 4 sho^\mg data fiom 11 evpeiiments on Imman inaiiou and 
7 experiments on lahhit mairo^\ A AMde range of degiee of piesenation is 
cxident 

Fig 5 sho^\s the lesiilts of 10 expeiiments in \\hich piosei\ation of ahlllt^ 
to synthesize DNA yias con elated y\ith the pcicentage of eiydhioid cells in the 
mallow A close coiielation between dcgice of presciyation and pcicenti" 
ciythioid elements is c\idcnt, indicating that DNA SMitlicsis aftci^l 
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HUMAN RABBIT 

MARROW MARROW 


Fig. 4.—The ability of marrow cells to synthesize DXA after preservation in Rlycorol at C. 


o 



% of ERYTHROID CELLS 

Fig-. 5.—The correlation between the preservation of tlie ability to synthesize DNA and the 
percentage^ of erj'throid elements in the marrow. 
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low-tempeiaUuc picsei\ation is picfcicntialh maintained m cijthioul cells 
This obsei\ation maj account foi the \aiial)ilit> of dcgice of picsci\ation 
piescntcd in Fig 4 

In 3 exponments \\ith picscixed labbit maiioi\ the DNA s\nthesis of 
cells o^lglnal!^ suspended and fio/eu in 50 pci cent scium ghceiol ^\as found 
to be twofold bcttoi than that of colls that had been suspended and fiozen in 
5 pel cent soiiim gljceiol This obscnation of a piotcctnc effect of high con 
ccntiations of senim dining ficc/ing in ghcciol has not been confiimed with 
human maiiow as jet 



Fig 6—The effect of gljcerol concentration an 1 the rate of freezing on preser\ ition of DNA 
’’jnthc^ls b> nbbit marrou 

The Effect of Freezing Fate and Glycerol Concentiation on Pieseriation of 
DNA Synthesis —Fig 6 illustrates one of setcial e\pciiments with lablnt 
mariow designed to detexminc the impoitance of the rate of fieczmg and the 
concentiation of gljcerol on the picsei\ation of maiiow cells Theic is no 
significant diffeience between 10 and 15 pei cent gljceiol, but freezing without 
gljceiol lesults in cells “iionMablc^^ in oiu in titio assays In gencial “slow ” 
fieezing permits bcttci piesenation than “lapid” ficezing, but the differenco 
IS baiely significant oiei the langc studied 

The Postmortem Effect on Preservation —^Tablc III shows the lesults of 
3 expciimcnts with labbit maiiow designed to detciminc the effect of post 
moitem autoljsis on mariow cell xiabihti and manow cell pieseriation In 
rabbit marrow a considciablc decicasc in abilitj to sxnthesize DNA is appaient 
aftei 2 hours of in situ postmoitcm autohsis at loom tcmpciatuie As indicated 
in Table III, rabbit maiiow cells subjected to the tiauma of in situ postmortem 
autoljsis liaie leij limited abiliti to withstand the fiuthei tiauma of pioseiia 
tion with gljceiol and low tempeiatnres Some eiidence has been piesented 
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to indicate that postmortem autolytic phenomena do not seriously impair DNA 
synthesis in the marrow of human cadavers. The general and specific implica¬ 
tion of these studies is that the sooner cadaver marrow is harvested, the hotter. 


Table III. The Eefect of Time After Death o.v DNA Svnthesis by Rabbit Marrow 


EXPERIMENT 

HOURS 

POSTMORTEM 

THYMINE 

(r.r.M.//tM) 

CONTROL 

1 FROZEN 

A 

0 




o 

83!) 


T5 

0 

G,400 



3 

t,02t 


C 

0 

7,950 




1-1!) 

15 


W.SCUSSION 

The studies presented show that exposure of marrow cells to glycerol and 
suhseqiicnt removal of glycerol accounts for an apin-eciahlc fraction of the 
trauma associated with the preservation procedure of glycerol at low tcmimi’a- 
turcs. Trauma may occur when the gl.veerol enters the cell, during its presence 
in the cell, or during its removal from the cell. Preliminary studies of the 
importance of rates of addition or removal of glycerol have led to no significant 
improvements in the procedure. Dialysis allows slow removal of the glycerol 
but the progressive deterioration of marrow cells suspended in glycerol at 4° C. 
makes this procedure undesirable. It is possible that the removal of glycerol 
may be found unnecessary in the clinical use of ]n’eservcd marrow. Preserved 
rodent marrow can be given intravenously without removal of glycerol. Pre¬ 
served mouse marrow so administered is unim]uiired in its ability to induce 
recovery after lethal irradiation.” 

Our data indicate a relatively small difference in viability of marrow pre¬ 
served by “slow” freezing, 1 or 2 degrees per minute, and the viability of 
marrow by “rapid” or shell freezing. Becau.se of the small difference observed 
over this wide range, we have not inve.stigated intermediate rales of freezing. 
For the present it appears preferable to follow the “.slow” rate. However, 
close adherence to this rate does not seem e.ssential. 

In a previous communicatioiP we reported that human cadaver marrow 
exhibited approximately normal rates of DNA synthesis on in vitro assay after 
2 to 6 hours of in situ postmortem changes. The studies on postmortem effects 
in rabbit marrow reported here indicate that in situ postmortem changes cause 
a significant and progressive loss of ability to synthesize DNA in vitro. This 
loss is aggravated by subsequent application of preservation procedures which 
are in themselves traumatic. Hence, it useful human cadaver marrow is to 
be stored, it would appear to be important to make cveiy effort to obtain col¬ 
lections as soon after death as possible. 

The data in Pig. 5, indicating that DNA synthesis in myeloid marrow is 
poorly preserved by freezing in glycerol, are distui'bing. If these data are 
substantiated, they suggest that preserved mai'row may be a relatively poor 
source of the myeloid elements necessary for early defense against infection in 
the irradiated individual. It is reassuring that rabbits protected against death 
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iioni iii.idiatioii 1)\ pUMixccI iniiKm h.i\c shown ,u]c((ii itc iiciatioii 

()1 llu m\oI()i(l (IcjiiLiits ot thdi tn.iiiow ’ Stiulus .nc in pioj;uss \ising ante 
ladioj^iaphs with tiitiuni lalicltd tlnmicliiit to sieme diiccl oMdeneo about the 
lelatno cftoct of piesonation witli {jhcciol at Jow tcmpeiatuies upon the 
piosenation of m^oloid and oixthioid inniiow cells of man 

The wide ^nna]nlIt\ in the dejjiec of piosenation of liumaii maiiow and 
the "enelalI^ bettoi piosenation of labbit maiiow dcscnc comment The 
labbits studied weie all ^oung healtln .nnimals, and then maiiow was obtained 
immediateh aftei death The jmtieiits fiom whom nbs weie obtained wcie in 
the oldei ago group and weie suffciing fioni lung disease oi hcait disease The 
piopoition of nnoloid colls w«is gicatoi in the liuinan maiiows than in the 
labbit mallows Ob\ioush, \ouiig healtln indniduals make the best maiiow 
donois The large numbei of maiiow cells obtainable at antops^ ma\ com 
pensitc foi some potcntlall.^ disad\ant igeous aspects of specimens obtained 
fiom oldei and debilitated patients 

Tlic data picsontod hoic indicate that hum in maiiow cells can be picsened 
b\ fieo7ing in ghcerol at C Aftci subsequent thawing and iemo\al of 
the ghcciol, tliose mauow cells leinain intact, appeal morphologicnlh noimal, 
dcmonstiato motiliti, and exhibit atj appicciable fiaction of their ougiinl 
abilitx to sxntliesize D\A Rodent maiiow tieitod in compaiablo fashion has 
been Kept foi 6 weeks at -70® C in ghceiol and sonim, and this maiiow, 
despite impaired abilitx to s\ntlicsi7c DNA in Mtio lias shown unimpaiied 
abilitx to piolifeiato and lepopulate the manow of an niadiatcd host “ JIueh 
of the cell damage associated with the low tcmpciaturc gheeiol piescnation 
pioccduic IS hcic deinonstiated to be associated with the addition and tlie 
lemoxal oi ghcerol The impoitant question is whcthei tins damage is shared 
cqiialh In all cells Tlio answei would appeal to bo that it is not Jhcloid 
elements suffei inoie than emthioid How the essential “seed” colls make out 
lemains to be deteimiiicd Foi solution of tins cntical pioblem one must tiiin 
to autoiadiogiaphs with tiitntcd tlnmidinc 'With the techniques dcseubed 
lieie, human manow picserxcd foi 8 weeks has shown no piogicssne deteiion 
tion Accoidingh, it seems logical to suppose that human manow can be kept 
indefiniteh with a useful maintenance of cells capable of prolifcnating m an 
iiradiatcd host The low tempeiatuic ghcerol procediue, thoiefoie is being 
continued as the basis foi the ciincnt establisliment of ‘ banks” of fio7en 
human manow foi autologous and Iiomologoiis use 

SUMJIARX 

Recent mteicst in picsenation of human manow foi both homologous and 
autologous use has indicated a need foi e\aluation of \anous piosenation 
methods This lepoit desenbes in ntio studies of the effects of gI;^cerol and 
fieezing on human and labbit mairow cells Cell counts, moiphologx, motihtx, 
dje pcimeabihty, and DNA sjnthesis haxe been used as cnteria of nabilitv 
When piotected against mechanical and chemical tiauma, and against clumping 
bj the use oi desoxMibonuclease, excellent moiphologic piesorxation was 
achieved DNA sjmthcsis decieascd aftei lepeated chilling without freezing 
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Glycerol inliibitcd DNA syntlicsis in vitro, and marrow cells exiioscd to 15 per 
cent glycerol showed moderate impairment of their ability to syntlicsizc DNA 
after removal of the gl.ycerol. The fi’cozing to -79° C. of marrow cells in 15 
per cent glycerol resulted in a further modei-atc decrease in ability to synthe¬ 
size DNA. SIjmloid cells appeared to .suffer greater damage from the freezing 
procedure than did erythroid cells. Limited observations on the rate of freezing 
and the concentration of glycerol indicate that those factors ai’C not of critical 
importance. An early postmortem deterioration of rabbit marrow cells was 
demonstrated. 

The data presented here indicate that human marrow cells can be preserved 
by freezing in glycerol at -79° C. Preserved marrow has shov'n no further 
deterioration after S weeks of storage. The glycerol low-temperature method 
is the procedure employed in the current establishment of “banks” of frozen 
human mai’row. 
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OBSERVATIONS OX TIIE SITE OE PRODUCTION OP CASTLE S 
INTRINSIC PACTOR IN THE RAT 
P J Kiumng, JID, a Anr\D^ 11D, E llwor^iv, 11D, and 
II 0 NiFurc, If D 
Groningfn, Nftherlwds 

I N 1929, C.^stle domonstiatccl that the fundamental distuibancc in peinicioiis 
anemia A\ns the absence fiom gastiic juice of a substance, ^\lllch he called 
“mtiinsic factor " Tlie mtimsic factoi is gcneialh belIc^cd to pla^ an 
essential pait in the plnsiolojrie mechanism of the intestinal absoiption of 
Mtamin B,« (sec ie\ic\\ b\ CnstleO 

A nnmboi of iincstijrations Ins been pcifoimed on the site of pioducfion 
of the intiinsic factoi, cspceialh in tlic hog and in man Rccenth the lat has 
pio\cd to be a suitable cxpeninental animal foi in\estimations of this Kind 
Watson and PIoion" dcmonstiated that iemo\al of the glandnlai pait of the 
stomach in the lat mterfcics with intestinal absoiption of Mtamin Bi-, as shown 
In incieascd fecal cxciotion of oialU administered ladioactne Mtamm Bj 
E\tiacts of the glandnlai pait of the gastiic mucosa pioied to ha^e intiinsic 
factoi actiMty, because on oial admimstiation thc\ icstoied Mtamm Bi-. absoip 
tion to noimal values Siinilai icsnlts ha\c been icportcd b\ Nieweg and as 
sociatcs® In these latter o\peumcnts total gnstrcctom\ was found to ic&ult 
in a high exciction of oialh administcicd Co*® Mtamm B,« Both lat gastiic 
luicc and homogenates of total lat stomach wall oi of the glandnlai pait of 
the lat stomach, if adnimisteied to gastiectomizcd animals togethei with 
Mtamm Bjn icduccd cxcietion to the ^aInes found in noimal animals 

In the biologic pait of tlie picscnt imestigation the regional localization 
of intrinsic factoi piodnction in the lat stomacii has been fnithci studied in 
absoiption expeiimcnts Fust, the intestinal absoiption of indioactne Mtamm 
Bjo, as mensiucd In fecal oxcietion, was dctcimmed m lats m which diffeicnt 
paits of the stomach had been sepaiatch icmo\ed Snbscquenth, extiacts of 
the diffeient legions of the lat stomach wall weie tested for mtimsic factoi 
<actiMtv, measiucd as tlie capacitj to reduce the feeal excietion of Mtamm 
Bi« m gastiectomizcd animals 

Conceinmg the celhtlai localization of Castle’s iritiinsie factoi in the 
gastiointestinal tiaet, the eMdence .nailable so fai is inconelusne Jacobson^ 
liad suggested the argentaffine cells as a possible site of piodnction This mow 
has been rejected b\ most ln^cstlg<ltols, because the icgional distribution of 
these colls does not coiiespoiid to wlnt is Known about the oeeuiience of m 
tiinsic factoi Glass and cowoikci’s'* isolated fiom Iiuman gastiic juice a 

From the Dep-irtments of Histolopj Pntl o1ok> ml Melicine UnJ\cr<?it3 of Gronin^co 
Netlierlamn 
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sti'onglj^ acidic "glandjilar mueopvotein” secreted, according to them, by the 
mucoid neck cells and containing nearly all of the intrinsic factor activity of 
the starting material. This acidic glandular mucoprotein, in experiments ol' 
Crevier and Belanger," was shown to consist largely of sulfomueoprotein. 
This result Avas interpreted as indicating that 3 types of gastric cells, known 
to produce sulfomueoprotcins (Belanger'), would he responsible for intrinsic 
factor production. These cell types are: (a) the mucoid neck cells of the 
fundus glands, (h) the cells of the mucous glands in the pyloric region, and 
(e) the cells of some fcAV mucous glands of the cardiac-fundus transitional 
zone. This argtunentation, however, Avas largely invaluated by subsequent Avork 
of Cresseri®' ” and partieularl.A' Grasbeek.'"- ” 

Cresseri demonstrated that, in glandular mucoprotein preparations from 
hog gastric mucosa, all of the vitamin Bi; binding cajjacity resided in a fraction 
containing neutral polysaccharide coAipled to a protein moiety; it Avas com¬ 
pletely absent from the acidic mucoprotein fractions. Though not conclusive, 
due to the nonspecific character of vitamin B,a binding as such, this result 
still suggests that intrinsic factor might be contained in the neutral polysae- 
chande-protein components rather than in the acidic sulfomueoprotcins. 
Grasbeck has more recently demonstrated that intrinsic factor activity it.self in 
human gastric juice Avas definitely not a.ssoeiatcd Avith acidic glandular muco¬ 
protein if denaturation Avas aA'oidcd by immediate cooling of the fre.shly col¬ 
lected gastric juice. In these experiments the entire intrinsic factor aetiA’ity 
Avas recovered from a slow-moving zone in starch block electrophoresis; the 
fast-moAung acidic mucoids did not shoAv any activity. 

In the histologic part of the pre.scnt inA’cstigation, tAvo approaches to the 
problem of celhjlar localization of intrinsic factor activity Avere tried. Sections 
of rat gastric mucosa Averc studied (1) Avith the periodic acid-Schiff (PAS) 
technique and (2) through autoradiography Avith Co'’"- '’^Bij. 

The PAS technique is considered to dcmon.strate the presence of neutral 
polysaccharides (polyhexoses) and AA’as chosen in vicAA' of the neutral polysac¬ 
charide-protein nature of Cresseri’s vitamin Bis binding preparation. The aim 
Avas to investigate a possible correlation betAveen the occurrence of PAS positive 
cells in the gastric mjAcosa and the regional localization of intrinsic factor 
activity as indicated by the biologic part of the present investigation. 

The autoradiographic procedure, using Co^’'” ''’B, 2 , Avould seem to promise 
more direct infonnation concerning the cellular localization of intrinsic factor 
activity through its vitamin B ,2 binding capacity, if at least nonspecific vitamin 
Bi 2 binding could be excluded. 

JEATEBIALS AND JEETIIODS 

Male AAiiite rats Aveigliiiig 250 to .300 grams AA-ere used in these studies. The radio¬ 
active vitamin B,™ used Avas labeled AA-ith Coso, 57. its specilic activity at the time of 
delivery varied from 2.4 to 11.7 pc per inierogram for the different batches. 

For the biologic c.xpcriuients the animals Averc operated under pentobarliital sodium 
(Nembutal) anesthesia. Atnien total gastrectomy aaos performed, an end-to-end anastomosis 
betAveen esophagus and bisected pylorus Avas made. Partial gastiectoniics Avere done on the 
guidance of the macroscopic appearance of the gastric inueosal regions. T)ie proximal part 
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of tlip rit vtotn ich is unorcd Asitlt s({UiniHms <pitliplium iiul Itis a pile gnu color In tlir 

glandular p irt, tin fundus rogioti pui h ensjU distinguishod from tlic antrum p\lori 
!»' its mori pronouncid pink isjmt In tin first t>pc of partial gastrortoinj both the non 
plindulir forostomicli uid tin fundus ngion wir< ro'^erted, wliilo tho p\lorir region was 
loft intn(t, in tlio su(ind t\iK tin fon stotuipli nloin was rpmo\pd Tlipso pirtial gastrcc 
toniKs pro\pd to be tophnipnlU ninrp difliiult than total re options, leaking of the suture line 
witli subspqui nt peritonitis leiding to (loath o uirrod more froquonth 

Extraots of tlio difforent parts of tlio rit stoniaeli wore made bv tlio proccduro of 
ntsoii and 1 lorox ^ 

During the nbsoriition txperinunts tit niitniils wore k( pt in metabolic eagts and gnen 
I sto k diet and w itor ad libitum Tluj wore ft 1 » test do e of 5 m^g labeled \if imin B in 
(Oinbmation with oithir 0 1 ml of sdino or 0 1 ml of an extract of stomach wall Tin 
stools w<n (olbcted mtr a 4 dax ptriod Vftor drxing the feces wire weighed and 
ground to i fun jiowdtr Hit ridiouti\il\ was measured with an ciidwindow GM tube 
with a Pliibps P'W 40 J1 dietroim counter The results were expressed ns percentages of 
tin test dosi of labchd \itiniin B, 

For the histologu work the animals were kilhd l>x a blow on the head The stonnth 
w is unmediatdx ninoMd ind opined ilong the gri iter eurvaiure, stretehed on a tork plate, 
and fixed m Douui’s solution, I pir iint formibn or eold sUnrated ammonium sulfite 
Afterward the ni Ueriil w is tninnud so that the sictions would contain the entire length 
of tlio lessor cunaturo, including sm ill portions of the esophagus and duodenum, in addi 
tion, separate fragments of fundus muiosa wen taken 

Tlio PAS reaction was perfornnd on pamflin sections of niUcrial fixed in cither 
Bourn’t» solution or formalin, the PAS procedure of MeManusu was used throughout For 
counterstaining liematoxjlm w is used 

For tlio autoradiographic procedure material fixed in eold saturated ammonium sulfate 
was used This fixatuc was chosen bociu«e it has 1 een widelj used in the chemical isola 
tioa of intrinsic factor, without impairing its biologic actixitx Frozen sections wore 
incubated for 3 hours with a solution of Co'* B,, saturated with ammonium sulfate 
The sections were subsequenth washed m *1 portions of saturated ammonium sulfate 
gnen V fill il short rnise of distilled w iter, uid mounted on slides treated with gelatin 
chronnlum Tliese slides were either picled m contact with radiographic dentil film 
(Doralin Schleusiicr) oi toxored with stripping film (fiom Ivodal lutoradiograplnc plates 
•VR 30 and AR 50) After xarjing periods of exposure in the cold the mitenal w i" 
developed 

Tho sections that lad been in contict with dental film xverc stained with hematoxjlin 
or PAS, the sections coxercl xxitli stripping film xxere mounted unstaiiieil and xiexxed lix 
phase contrast microscope 

In addition a number of routine techniques xxerc used as indicated in the text 
RESULTS 

Ahsotphon Studies —In a fiist set of cxpciimcnts the fecal cxciction ot 
Co’*' “'Bi 2 was moasmed in nts m which cithei (a) the foie stomach (caidiac 
legion) alone oi (b) the foie stomach and the tundus legion had been tescctcd 
Two giotips of lats seiied is contiols noinial animals and animals attei total 
gastiectomt In each e\pciimcnt a single test dose of 5 m;«g Co'"’ "'B,. was 
oiallj administcied followed b\ 01 ml of saline The icsults, picsented in 
detail in Talile I, can he snmmaii/cd as follows 

Altei lemoial of the foie ^fomach alone (a), 4G pei cent ot tlic sitamm 
B,. test dose was locoKicd in the stools (aieiage of G ospoiiments) Tins 
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A^ahic does not differ significantlj- fi-oin that of the normal controls (12 experi¬ 
ments), in ivhieh 36 per cent of the vitamin vas excreted. It proves that 
the distal parts of the stomach produce .sufficient quantities of intrinsic factor 
to maintain a nearly normal intestinal absorption of vitamin B, 2 . 

Animals in ■which the forc-stomacli and the fundus region had hecn re¬ 
sected (b) excreted an average of 70 per cent of the vitamin B,; test dose 
(6 experiments). This A-alue compares avcII with the average excretion of 
77 per cent in the total gastrectomy controls (11 experiments). It means that 
the antrum pylori, being unable to promote vitamin B,; absorption, fails to 
produce .significant amounts of intrinsic factor. 

These experiments together, therefore, suggest that the fundus region is 
either the main or the only site of intrin.sic factor production. 

In a second set of experiments, extracts of the fundus wall (c) and of 
the antrum pylori (d) were tested for intrinsic factor activity, i.c., for their 
capacity to restore vitamin Bis absorption in I'ats in which total ga.strectomy 
had been perfoimied. A control group of gastrectomized animals was treated 
with an extract of whole stomach wall. The results of these experiments arc 
also I'oeorded in Table I. 


T.vble I. Eecai, Excretion of Rauioactivitv Expressep as a Percentaoe o?' the Test 
Dose of Cqs". in Norm.\l R.ats and in Rats in AViiicii Different Types of 
Gastrectomies nA5'E Been Performed 


KonifAL 

AXnfALS 

KESECTIOK 

OF FORE- 
STOMACII 

(^l) 1 

RESECTION’ 

OF FORE- 
STOMACH 
AND FUNDUS 
(10 

I TOTAL GASTRECTOMY 

SAUNK 

CONTROLS 

FUNDUS 

EXTRACT 

(c) 

ANTRUM 1 
PYLORI 
EXTRACT 

(d) 

WHOLE 

STOMACH 

EXTRACT 

27 

37 

55 

52 

44 

77 

36 

31 

37 

67 

62 

58 

82 

36 

32 

41 

68 

70 


88 

40 

32 

48 

68 

73 



42 

34 

54 

72 

74 



45 

34 

58 

92 

75 



40 

35 



79 



54 

36 



80 



57 

39 



86.5 



58 

41 



89 



04 

43 



104 




48 







Mean 







36 ± 5.6 

46 ± 8.2 

70 + 11.0 

77 + 13.2 

51+7 

82 + 4.5 

48 + 9.3 


It can be seen that fundus wall extract (c) reduced the vitamin B,s 
excretion of gastreetomized rats to 51 per cent (mean of 2 experiments). This 
value corresponds well to the 48 per cent found in the control group (10 ex¬ 
periments) ti-eated with whole stomach wall extract and to the values found 
in normal animals. 

In 3 experiments, in which an extract of antrum pylori Avas given (d), 
however, the average excretion of vitamin B ,2 Avas 82 per cent. 

PrevioAisly published experiments® already have shoAvn that homogenates 
of fore-stomach Avail lacked intrinsic factor activity under similar conditions. 
Apparently the fundus AA'all is the only part of the rat stomach aaIucIi contains 
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intrinsic factoi TIic two sets of alisorption c^pciiincnts to'icthci thcietoie 
clcai]\ pioic fliat in the i.it the fimrlns icfnon is the site oi production oi 
C.istle s intimsic fnctoi 

Iltsfolofjic —In the PASlie.ited sections ot the nt gastric nuico''i 

abuncl'int PASpositno nnteiial was present in the surface epithelium of 
both fundus and p\loric regions To a\oid misunderstanding it ma\ be stated 
that “surface epithelium moans the lining of gastiac areolae and gastiac pits 
The latter reach to neaih one third of the mucosil thickness m the limdiis, 
and to neaih two thirds in the p\lonc region 

As the fundus was the onh region exhibiting intrinsic factor actint^ in 
the biologic e\perimcnts elcscnbed above, its liistologv was of pai*ticular interer>t 
Heie, in addition to the suifaec epithelium one cell tv pc gave a positive PAS 
reaction the mucoid neck cells of tlie fundus glands Thc-se mucoid neck cells 
were found in a distinct 7onc appiovimateh coiacspondmg to the middle third 
of the mucosal thieknc-ss m the fundus The lower third, occupic-d bv the 
basophilic chief cells (pepsinogen cells), did not exhibit anv noticeable PAS 
color Both zones did of course, contain oxvntic cells (hvdrochloric acid eelh^ 
these lattci cells «ts usual were somewhat more numeious m the neck cell zone 
The cardiac region of the rat stomach is lined with nonkcmtinized strati 
fled squamoiLS epithelium, without anv glandular structures No PASieac 
tivitv was observed m this epithelium 

The p}]onc region contains the iisnal simple inhiihr glands nhich occupy 
onlv the lower third of the mucosal thickness These glands although clcailv 
of mucous chai'aetci, gave onlv a verr weak PAS reaction 

In the adjacent duodenal mucosa onh the ‘•olitan goblet cells and the 
submucosal Brunner’s glands were PAS positive the latter onlv weaklv 

Tlicse lesults again pointed to the mucoid neck cells of the fundus glands 
as possibh being responsible foi intrinsic factor pioduction In view of the 
strict localization zone of these cells m the fundus mucosa, it might be ex-pected 
that an eqiiallv dcstinct zone ot blackenins would be found in the autoradio¬ 
graphs, that IS, if mucoid neck cells did contain intrinsic factor 

The contact autoiadiograplis of histologic <;ections incubatc*d w^lh Co*'* ^ 
gave a clear picture of the regional distribution of the ladioaetive mate 
iial This was especiallv the case m longitudinal sections coveiing the entiie 
lessei cuiwature In Fig 1, the (dental film) contact autoradiograph (Fig 
1, B) of such a section ls leproduced together with its stained mothei section 
(Fig 1, A) Onlv one distinct legion has given a definite blackening in the 
autoradiograph the fundus region of the gastric mucosa To the left the 
stratified squamous epithelium of the cardiac legion can be seen to be entirelj 
without radioactivntv The same holds for the pvlonc region to the nsht 
Here, onlv some iiregular spots of blackening are present, which me partiv 
due to some folds in the section The daodenal part of the section, to the 
extreme right, also did not produce anv blackening neither in the mucosa, 
noi in the submucosal Bnmner^s glands This regional distiibution of vntamm 
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Bij bhicling, as dcmonslrated aidoradiogi’apliically, completely corresponds to 
the regional localization of intidnsic lactor activity as shown by the absorption 
experiments described above. 

A 


F 



Pig 1 —Longitudinal section of r.at stomach along the small curvature, incubated with 
Co"' = Bi- 4, Jlotlier section stained with hematoxvim Tlie arrows point to transitions of 
cardia (C) to fundus (F), fundus to antrum pjlori (AP), and antrum p>Iorl to duodenum 
(D), respective!} B, Dental film contact autoradiograph, evposuie 2'.i dn>s \ It.imln Bn 
binding is only found in the fundus region 

More detailed information concerning the localization of the vitamin Bie 
binding sites in the fnndiis nnicosa comes from the following pictures. Fig. 2, 
A, B, and C, shows a representative piece of fundus mucosa from another 
experiment at higher magnification. In the hematoxylin-stained mother sec¬ 
tion (Pig. 2, A) the distinctly clearer zone of the mucoid neck colls can be 
easily seen, lying between the surface epithelium, with its configuration of 
areolae and gastric pits, and the darker stained zone representing the 
deeper portions of the fundus glands, which contain the chief (pepsinogen) 
cells. The (dental film) contact autoradiograph (Pig. 2, B) uncquivocallv 
shows the localization of vitamin B 12 radioactivity. Quite evidently the mucoid 
neck cells are completely devoid of radioactivity; it is the deeper zone of the 
fundifs mucosa, corresponding to the basophilic portions of the fundus glands, 
that contains all of the radioactivity. This exact correspondence to the dark- 
staining deeper parts of the glands is shown in Pig. 2, C, wfiiere the auto¬ 
radiograph is seen projected over the mother section. There cannot, apparently, 
be much doubt concerning the localization of vitamin Bj; binding capacity in 
this section. However, the poor resolution of the dental film contact method 
does not permit an exact appraisal of the localization on a cellular level. 

Pigs. 3 and 4, A and B, show the results of the stripping film autoradiog¬ 
raphy. Pig. 3 represents the transition between fundus region proper and 
antnim pylori in a longitudinal section. Apart from the localization in the 
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Flff 2—Section of rat stomach, funflu^ region; Incuhatf^d -writh Co** *T5rs. A, Mother sec¬ 
tion stained mth hematoxylin. B. Dental film contact autoradiograph; exposure 3 days. C, B 
projected o\er A. Vitamin Bu binding is found m deepest portions of fundus glands. 
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deeper portions of tlie fundus glands, the abrupt ending of vitamin B, 
binding on the transition can be seen. In Fig. 4, ,4, an unstained section of th 
fundus with its overlying stripijing film is pictured in phase-contrast. Th 
blackening of the stripping film has the same zonal localization as in the dent.i 
film contact autoradiograph. But, iji addition, it can be observed lierc tha 
only the chief cells are responsible for the blackening of the stripping filr 
emulsion. The oxyntic cells, rendered visible by phase-contrast, leave un 
blackened spots in the stripping film. To facilitate apprai.sal of the ante 
radiographic picture, the same is reproduced without phase-contrast in ordi 
nary transmitted light in Fig. 4, B. 



Fig. 3.—Section of rat stom.acli, transition of fiinOus region (loft) to antrum pylor 
(right); incubated tvith “'Bu and covered with Kodak AR 50 stripping Him; exposure 1( 
hours. Vitamin Bu binding in fundus legion, ending abniptly at transition to antrum pylori 

The ultimate conclusion, thus, is that under the expei'imental condition* 
used here localization of vitamin binding and thus presumably of intrinsic 
factor is exclusively in the chief cells of the fundus glands. Neither the mucoic 
neck cells nor the oxyntic cells did exhiliit any vitamin Bin binding. Vitamir 
Bjn binding was equally absent from the mucous surface epithelium of areohn 
and gastric pits in fundus and pyloinc regions, and in the mucous glands o1 
the pyloric region. The cardiac region and duodenum also were cntirch 
devoid of vitamin B,n binding capacity. 

Control Experiments .-—The rather unexpected outcome of the autoradio 
graphs induced us to perform several control experiments. 

First, a number of paraffin sections from gastric and duodenal wall mate¬ 
rial fixed m Bonin's solution were stained with the two Bodian-Protargol 
methods modified according to Dawson’^ for argentaffine cells. Clear pietui’cs 
were obtained showing these cells scattered singly along the entire length of 
the gastric glands, both in the fundus and pyloric regions. They were present 
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in c^en jjieatoi nuniheis in the dnodcnal miicosi Neithci the icgional clii 
tiibutioii noi tlic scnttcicd distulmtiou in the nuicosn did show am conespond 
ence wIiatsoe\oi 111111 the Mtamin B|» localization obsened in tlie aiitoiadio 
/?raplis 


A 






B 

Pig^ 4—Section of rat stomach fundus regrion incubated with Co*^ "’B and co\ered 
with Kodak AR 10 strippInE" Aim exposure 24 days A Phase contrast Photomicrograph B 
Phctomicrocnxph In transm^ffed light 11tanim -Bw bln ling In chiet (pepsinogen) cells of 
fundus j,lnnds 


Second, a mimboi of e\peiiments aieie peifoimed to asceitain the piescnce 
of biologicalh actue intiinsic factoi in the sectioned matenal at the moment of 
incubation with Mtamin Bi- Fundus wall was fixed in cold, satmated am 
monium sulfate, homogenized in a Buhlei blendei at 4 ° C and tlic liomogeiiate 
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dialj^zed against cold saline. After high-speed centrifugation, the supernatant 
was tested in totally gastrectoinized rats, as described above, and pi'oved to 
have intrinsic factor activity only slightly less or equal to that of native gastric 
wall homogenates. 



Pig. 5.—Consecutive sections of rat stomach, fundus region. /I, Incubated witli Co“. “’Bi- 
(control section). B, Heated to 100° C. for 3 hours and incubated with Co™. Both sections 

covered with Kodak AR 50 stripping Aim; exposure 2t liours. Vitamin B 12 binding destroyed 
by heating. 


Third, an experiment was undertaken in which rat pancreatic material 
.was given the complete autoradiographic procedure parallel to the gastric 
material from the same animal. No idtamin Bi, binding was seen in pancreatic 
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cells Tins result cvcliulos the possibilih that nucicopiotcm mateiial, uhich js 
picsent in eompaiahle quantit\ and distiibiition in the chief cells of the fundus 
glands and in the exociine pancieatic cells, as such might he lesponsiblc foi 
^^tamln B,-. binding in the fundus chief cells 

Last, contiol sections oi the fundus icgion ucie heated to 100° C in 
satuiatod ammonium sulfate foi 3 houre, and otheiuisc tieatcd paiallel to the 
c\peiimcntal sections Pig 5, and lepicscnting autoiadiogiaphs fiom 
tuo consocutnc sections of fundus mucosa, elcaih shows that heating com 
pletch dcstiojcd the Mtamiii Bi- binding capacitj Tlic lesulting autoiaclio 
ginph (Pig 5, 7?) is entiieh negatnc, whcicas the contiol section piescnts the 
usual aiitogiaphic pattern 


DISCUSSION 

Tlic biologic pait of the pioscnt in\cstigation, ic, the c\peiimcnts with 
paitial gastioetomics and tlie substitution o\j)ciimcnts witli stoimch wall c\ 
tiacts, Ins shown be\ond am icasonablc doubt that in the lat tlio fundus 
region of tlio stomach is tlic site of pioduction of Castle’s intiinsic factoi 
The substitution cxpoiimonts with the o\tiacts of fundus wall and piloiic 
regions, if tahen In thcmschcs, nn\ not seem cntiich comincmg in mcw of 
then small nnmheis All dat«a taken togcthci, howe\ci, show a stiiking mutual 
confiimation which clenil^^ incicasos then significance 

The autoiadiogiapln piescntcd a well defined pictuic of tlie localization 
of Mtnmin Bi» binding m the lat gastiic mucosa Bcgaidmg the icgiomil 
localization of intiinsic factoi, the autoiadiogiaphs cloaih suppoit the biologic 
exTiGiimonts a selcctuo Mtamm Bi- binding was found in the fundus legion 
At a cellulai Ic\cl the localization of Mtamm Bi- binding was nncqunocallj 
in the chief (pepsinogen) cells of the fundus glands 

The autoiadiogiaphs ga^e no indication whatsoc^oi that tlie mucoid nocK 
cells plaj a pait in the pioduction of the intiinsic factoi Our icsults cleaih 
suggest that the chief cells aic icsponsiblc foi the chboiation of the intiinsic 
factoi in the rat 

Tins mtcipictatioii, howe\ci, needs a ciitical anahsis Past it should he 
emisagcd that the obsei^cd cellular localization miglit lepicsent a diffusion 
artefact, as is often seen m histochomisti^ This possihilitA can safelj bo luled 
out because intiinsic factoi is piccipitatcd satiuated ammonium sulfate, the 
fixatno used Second, it is obMous that the autoiadiogiaphic technique used 
will onh demonstiatc ■\itamin B 12 binding and not mtimsic factoi acti\it\ 
itself Tins is an essential point, because quite a numbci of uni elated sub 
stances ha^c some dcgice of \itamin Bj-. binding eapacitj, although most 
authois agiee that intiinsic factoi is the most actne among them There i'?, 
howe^cl, good e\idence that, undci the conditions of oiu expenmonts Mtamu 
Bi« binding lepicsents the piesenec of intimsic factoi A fust argument is 
that 0111 pioceduic, with saturated ammonium sulfate as a fi\at]\e, was show7i 
not to destiov mtiinsic factoi actniU in the peitincnt eontiol cvpeiiment 
This means that, foi all we know, intiinsic factor must ha\c been lesponsible 
foi most, if not all, of the Mtamm Bi« binding obsened A second aigument 
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comes from a control experiment; upon iieating to 100° C,, a temperature 
Icnown to destroy intrinsic taetor, the sections completely failed to take up 
mtamin B,™. 

We believe, therefore, that our autoradiographs are fairly conclusive rvitli 
regard to the localization of intrinsic factor in the chief cells of the fundus 
glands, and, consequently, that these cells should he considered as the pre¬ 
sumable site of production of intrinsic factor in the rat. 

Cytologieally, the chief cells of the fundus gland have the typical char¬ 
acteristics of protein-synthesizing cells, -whereas any sign suggesting the pro¬ 
duction of a mucoid or polysaccharide is lacking. This .suggests that the 
active principle of the intrinsic factor might be a protein or a polypeptide 
rather than a mucoid or a polysaccharide. This hypothesis is in argreemont 
with the observation of Cresseri,-'* cited above, that the vitamin binding 
substance in electropherograms of glandular mueoprotein (which presumably 
contains intrinsic factor) contained a protein moiety as .shown by its brom- 
phenol staining. 

However, it should be mentioned that cx})eriments with hog gastric mucosa, 
now in progress, have shown that conditions in this animal are more complicated 
than in the rat. This holds for the biologic and perhaps also for the chemical 
properties of intrinsic factor as well as for the presence of substances exhibiting 
nonspecific vitamin Bv^ binding. Species differences like these might be respon¬ 
sible for much of the confusion in the intrinsic factor problem. 

SCJtStARl' 

Two series of experiments were performed witli tlic purpose of determin¬ 
ing the site of prodrmtion of Castle’s intrinsic factor in tlic rat. 

The intestinal absorption of radioactive vitamin Bj- was studied in rats 
in which different parts of the stomach had been resected. The data obtained 
in these animals indicated that the fundus is essential for normal vitamin B;; 
absorption and, therefore, can be considered res])onsible for the production of 
the intrinsic factor. This was confirmed by testing extracts of the dift’erent 
parts of the rat stomach for intrinsic factor activity in rats in which total 
gastrectomy had been performed. 

In tlie second part of this study a number of histologic techniques were 
applied in an attempt to determine the type of cell responsible for the secretion 
of the intrinsic factor. Tlie most significant infonnation was obtained hj' 
autoradiography of sections incubated rvith radioactive vitamin B,;. Selective 
uptake of vitamin Bi^ occurred in the chief (pepsinogen) colls of the fundns 
glands. Presumably this cell type elaborates Castle’s intrinsic factor in the 
rat. 

AVe vish to express our sincercst thanks to N. V. PUilips-Roxnac, AA'eesp-IIollnnd, for the 
generous gifts of radioactive vitamin B,,. Their willingness to take up the preparation 
of this valuable and costly material provided ns with the main tool for the present 

investigation. 
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The histologic ^\ork, nicluding nutornliogriulu, done h\ Mi«s E Binklior'st 

(Department of IIi«tolog>) ‘Micropliotognplu was hi Dr J 'Wachtcr* (Uiuvcrsitv 
Pliotograpliic Department) Dr J Vbcls assisted in sonic of the Inologic control e\pen 
ments 
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EVALUATION OF A METHOD OF DIRECT LEFT HEART PUNCTURE 

Maria Z. Grajo, M.D.,*" and Paul R. Lurie, j\I.D. 

Indianapolis, Ind. 

P ERCUTANEOUS needle puncture of the left ventricle has been advocated 
as a relatively safe method for pi'cssure measurement and eardioangiographic 
study. It has been done for the most part in adults, and is performed onl.y 
occasionally in children.^'" "While it is often easy to pass a venous catheter into 
the left side of the heart of infants thi’ougli the probe-patent foramen ovale, 
when access to the left side is most urgently needed it may be impossible to 
gain. It seemed desirable to develop a method which would hai'c special at¬ 
tributes for work with infants and small children. These would be; (1) a 
simple aiming technique which would assure puncture of the intended chamber 
despite absolute and relative variation in size of structures from patient to 
patient; (2) minimal effect of practice upon the likeliliood of success in the 
event that the procedure was utilized only occasionally; and (3) use of a tube 
of sufficiently large bore to permit satisfactory contrast injections for cardio- 
angiography. It is believed that the method to be described lielow promises 
to fulfill these criteria in patients. It has the added advantage of permitting 
catheterization from the ventricle through the aortic valve and retrograde 
tlirougli the mitral valve. This paper reports the trial of the method in a series 
of 12 rabbits. This experimental animal was selected because of the smallness 
of the heart, thus pitting the method against a maximal handicap. It ivas also 
tried in 6 mongrel dogs to study its use in larger hearts. Finalh', left ven¬ 
tricular puncture using this approach was performed successfully and ap¬ 
parently harmlesslj' in a 3-month-old infant ivith severe congenital heart disease. 

JIATERIALS AND METHODS 

A stylet (Kg. 1, A) made of a 19 gauge steel piano -uire, 16 cm. in length was 
sharpened at one end to a needle point, and bent at a right angle 1.5 cm. from the other 
end. A piece of polyethylenet or tetrafluoretliylenef tubing (Fig. 1, G) through Mhich the 
wire could be threaded snugly was cut. A piece 1.5 cm. long (Fig. 1, F) was cut from a 
16 gauge hollow needle? and inserted through one end of the tubing. This necessitated 
slight stretching of the plastic, the internal diameter of which approximately equaled that 
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of tlie 16 priURe necillc To thi«< «ej;jnent of needlo, i romo\'ible ad'xptcr* (Fi^ 1, h, C, F, 
and F) fitted The stj let T^as threaded through the adapter and tubing so that onlr 

its «sharpened end protruded A piece of Ko 7 cardiac catheter (Fig 1, E) 3 mm m length 

U’as then pa<»<5cd over the tubing to serve as a marker 

For u«e in infants and 'imall children, the sUlct was replaced uith a 19 gauge 

hypodermic needle, 25 cm m length and joined to tlie hub of a 16 gauge needle A 

tttrafluorethjlcno tubing was u'^cd, tlie end of \%hich was cut and shaped to fit the point 
of the needle 



Fltr 1—Stylet tublnp Instrument for percutaneous ^ent^icuHr puncture A = stylet 
n = nclapter bod> C =r rubber jn«Ket D = piece of 1C gaupe needle E = steel glind 
F =: steel gland nut O = poljcthjiene or Teflon tubing // =; depth marker 

1 Animal Experiments —Tuelvc rabbits t\ith an average weight of 3 Kg were ob 
tamed 

An unanosthetized rabbit T\a3 strapped bj its legs to a board Tho anterior chest 
uas shaved and cleansed with Zephiran solution 1 1,000 ECG needle electrodes were 
placed subcutaneously in the legs A skin stab wound 2 mm in length was made over the 
left para\iphoid area The stylet and polyethylene tubing (Fig 1, A and G) were inserted 
through the incision and subcutaneous tissues, and into the thoracic cavitj Under flnoro 
scopic control with an image intcnsifier, the tip was directed toward the apex of tlie heart 
at a 35 degree angle and very slightly to the right As soon as pulsations were felt, 
the stylet tubing was quickly thrust forward into the heart, the marker (Fig 1, H) bemg 
placed at an estimated proper distance of insertion so as to serve as a safetj guide Wlien 
tho ventricular cavity was entered, the stylet was removed and the tubing was advanced 
slightly A 3 way stopcock was attached to the adapter (Fig 1, 2>) Ventricular pressures 
were recorded with a Hathaway impedance gauge Tho tubing could he advanced and 
retracted easily in various directions It was filled vnth contraist xncdiumt nluch rendered 
it visible, then the 3 waj stopcock was rotated to connect the tubing with the pressure 
gauge, mthout losing the contrast medium This permitted the tube to be seen and the 
pressure in the chamber to be constantly observed on tho oscilloscope The tubing was 
passed mto the outflow artery, and into tho atnum It was occasionally flushed with 1 to 

•U S Catheter & Instrument Companj Glens Fall's N \ 

tHjpaque M 90 per cent inthrop Laboratories Xev lork "N Y 
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3 ml. of normal saline solution, containing- 1 mg. of licparin in 500 ml. of fluid. After 
pressure measurements were taken, the tubing was removed. Light prc.s.suro and adhesive 
tape were applied over the wound. The rabbit was freed and returned to its cage. 

Gross postmortem c.vamination was performed in rabbits that died shortly after the 
procedure. Histologic studies wore done in those which wore killed with pentobarbital 
sodium given intravenously S or 9 dar’s, 16 days, 36 days, and 43 days after the ventricular 
puncture. 

The procedure was tried in 5 anesthetized mongrel dogs, weighing 11.5 to 13.5 
kilograms. The stylet and tubing were inserted thr-ough the fourth left intercostal space 
anteriorly. Pour of these were used in other e.xperimental studies, and wore sacrificed 
after being subjected to ventricular puncture. One was kept alive and sacrificed after 3 
weeks. 

The heart was exposed in an anesthetized dog weighing 24 kilogranjs, (ho pericardium 
being left intact.. The stylet and tubing were thrust successively througli the anterior wall 
of tile left and right ventricles, then into the left and right atria. The pericardium was 
oiJcned, and the 4 chambers were again punctured. The main left anterior de.sccnding 
coronary artery and 2 of its terminal branches were also jnmetured with the stylet. 

2. Ciniicn! Trial in One Casc.S. P., a 3-nionth-old infant wcigliiag 11 pounds and 
7 ounces, had repeated respiratory tract infection and pulmonary congestion, cnrdiomcg.aly, 
and enlarged liver. Right heart catheterization and selective eineangiocardiogrnphy wore 
inadequate in arriving at a diagao.sis because of inability to localize tlic shunt by blood 
oxygen saturation .studie.s, and poor visu.alization of the left side of the heart and aorta 
due to insufficient concentratiou of contrast medium. The po.ssihle diagnoses entertained 
were truneus arteriosus; common atrioventricular canal; and vcntrlcnlar septal defect, 
alone or combined witli an atrial septal defect, patent ductus artcriosu.s, or coarctation of 
the aorta. Left lienrt studies wore done to arrive at a more definitive diagnosis. The 
patient was anestlietizcd witli intramuscular meperidine hydiochlorido and secolmrbitnl 
sodium. The fifth left intercostal space at the midclaviculnr lino was infiltrated with 
procaine hydrochloride; a stab wound of the skin 2 mm. long uas made. Tlio instrument 
was thrust in through the apex of the Iicart. A 1 ml. syringe containing 70 per cent 
Urokon was attaclied to tlic stylet needle. When the point was shown to be in the ventricle 
by aspiration of blood into the syringe, contrast medium was injected as tlio needle was 
retracted and the tubing slightly advanced. 




MAIN POLMCHART RKZT fUOffr RIW tlfT tCfT 

ARTZRT VKNT1UCLK AnUUM fXxrft/CXf ATHrTTU VENTfUCUS 


ARCZNDmo 

AOftTA 


JJ’ig-. 2.—Pressure tracings in botli ventricles through the atrioventricular and semilunar 
valves in rabbits. Note systolic overshoot artefact in left ventricle. 


RESULTS 

The rabbit’s heart tvas not fixed in the mediastinum. It tvas easily dis¬ 
placed by just placing the stjdet tubing in the thoracic cavitj- and feeling for 



'MLTIIOD rOI! DIKrtT WIT IIP 4^1 rUAClUIil 


143 


Acntiiciilai contractions Once the rcntiicul.ii o.niti lias enteied, the pnlsa 
tions impaitcd by t)ie Jieait to Ibo shlct dnnnnslicd or disappcaiod If the 
lubiiig lias in the lett lentiiclc, hiight led blood spin ted fioin it Daik blood 
Honed sloiih fiom the tubing it the light \entnclc had been enteied instead 


Tvriij I Pin Slot oric Dat\* 


r VBBIT NO 

coursF oi TUBiNr 

1 rrFSsiirs 

1 ECO 

1 

AA h\ 

AA = W/4‘1 

LV =r 67/~b 

CR = J40/mm (during puncture) 

= 120/nun (end of procedure) 

2 

L\ VV 

LV = 6C/-1 

AA =r 65/51 

CR = ISO/min 

3 

in Afiniit 

RV = 16/-5 

MP V = 18/4 

CR = 260/min 

I*VC, 1 to 3, with tubing m R\ 0 

4 

LV V.A lA L V FA 

A A = 106/85 

LV = 104/-2 

LA = 05 inni 

CR = 240/mm 

Slifflit S T clcintion with tubing in 
LV, none m AA or LA 

o 

RA MP V R\ 

iiPA = S/4 

RV=: 10/-6 

CR =r 200/min 

Rire PVlj With tubing in RVO 

6 

RV RA RV 

RV = 17/-6 
RA=;-9 Him 

CR = 240/min 

* 

bv AA bV bA I.V 

LV = 97/-0 8 

AA = 95/82 

LA = 1 { niiT) 

CR = 320/mm 

8 

LV LA LV AA 

A A = 116/96 
LV=112/-S 
la = -6 7 mm 

LV = 109/-2 

CR = 200/mni 

9 

L^ AALVLA 

AA = 94/85 
LV=l03/0 6 

LA =-6 4 mm 

LV = 107/-5 

CR = SOO/niin 

ST elevntion 

10 

RVRA 

RV=l5/-2 
RA=-6 jnm 

CR = 220/min 

11 

LV AA LV LA 

LV=86/-1 

AA = 89/70 

LA = -2 mm 

CR = 200/inin 

12 

BVIV «ieptumLV 
AA LV LA LV 

RV RA RV 

LA = —7 mm 

LV = 84/-0 3 

AA = 79/63 

RA = -7 mm 

RV =; 14/-2 

CR = 260/min 

ST elevntion 

Few PVC with tubing in RVO 

*Kej to Abbre\iatlons L/V = left ventricle V V = ascending aorta LA = left atnum 
RV =: right ven ride MPA = main pulmonary artery RA = right atrium R\ 0 = right 
\entricuar ou flou 11 interventricular CR = cardiac rate PVC = premature ventric 

ular contractions 

Tlie tubing uas passed into the mam piilmonaij'' aiter\ or aoita, and into the 
left 01 right atiiiim, depending on -nliicli ^entllcle itas enteied Good piossuio 
cunes iveie obtained (Fig 2 and Table I) In Rabbit 12, the stylet pieiced 
the light tcntiicle and iient thiough tlie inter\entricular septum into the lett 
■ventricle Pressure tiacmgs ueie obtained fiom both \entiiclcs and atiia and 
the ascending aorta Incidence and amount of bleeding ivcic inci cased con 
sideiablj when more than one attempted punetuic was made, and bleeding was 
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2 ml. of normal saline solution, containing 3 mg. of heparin in 500 ml. of fluid. After 
pressure mcasuromcnts were taken, the tuhing was removed. Light pressure and adliesive 
tape were applied over the wound. The rabbit was freed and returned to its cage. 

Gross postmortem e.xamination was performed in rabbits that died .shortly after the 
procedure. Histologic studies wore done in tho.sc which were killed with pentobarbital 
sodium given intravenously S or 9 days, 16 days, 30 days, and 43 days after the ventricular 
puncture. 

The inooedure was tried in a anesthetized mongrel dogs, weighing 11.5 to 13.5 
kilograms. The stylet and tubing were inserted through the fourth left intercostal space 
anteriorly. Pour of those were used in other e.vporimenta] studies, and were sacrificed 
after being subjected to ventricular puncture. One was kept alive and sacrificed after 3 
weeks. 

The heart was exposed in an anesthetized dog weighing 24 liilograms, the pericardium 
being left intact., The stylet and tubing were thrust successively through the anterior wall 
of the left and right ventricles, then into the loft and right atria. The pericardium was 
opened, and the 4 chambers wore again punctured. The main left anterior descending 
coronary artery and 2 of its terminal branches were also jninctured with the stylet. 

2. Clinical Trial in One Case. —S. P., a 3-month-old infant weighing 11 pounds and 
7 cunces, had repeated respiratory tract infection and pulmonary congestion, cardiomegaly, 
and enlarged liver. Right heart catheterization and .selective cineangiocardiography wore 
inadequate in arriving at a diagnosis because of inability to localize the shunt by blood 
oxygen saturation studies, and poor visualization of the left side of the heart and aorta 
due to insufficient concentration of contrast medium. The possible diagnoses entertained 
were truncus arteriosus; common atrioventricular canal; and ventricular septal defect, 
alone or combined with an atrial septal defect, patent ductus arteriosus, or coarctation of 
the aorta. Left heart studios were done to arrive at a more definitive diagnosis. The 
patient was anesthetized with intramuscular inepcridine hydrochloride and secobarbital 
sodium. The fifth left intercostal space at the midclavicular line was infiltrated with 
procaine hydrochloride; a stab wound of the skin 2 mm. long was made. The instrument 
was thrust in through the apex of the heart. A 1 ml. syringe containing 70 per cent 
Urokon was attached to the stylet needle. When the point was shown to be in the ventricle 
by aspiration of blood into the syringe, contrast medium was injected as the needle was 
retracted and the tubing slightly advanced. 
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2.—Pressure tracin£?s In both ventricles through tlte atrioventricular and semilunar 
valves in rabbits. Note systolic overshoot artefact in left ventricle. 


RESULTS 

The rabbit’s heart tvas not fixed in the mediastinnm. It tvas easily dis¬ 
placed by just placing the stylet tubing in the thoracic cavity and feeling for 
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'\VJicn multiple punctuies uero done tliiougli the diffcient chambeis and 
coionatj vessels in tlic dog’s exposed licait, slight bleeding oceiuied uhen the 
pciicaidial %esscls uere picreed Theic «as no bleeding fiom the wounds in 
the ^entrlculal• wall Blood ooiied from the atiial punctuie wounds in negligible 
amounts when the peiicaidium was intact 'With the peiicaulium open, the 
second atiial punctuies did not cease bleeding until diiect piessuic was applied 
Blood spurted when the left antciioi descending coronarj aitcrj was pieiced, 
and oozed from the coiicspondiiig rein when the hitter was punctuied in turn 
Thcic was minimal bleeding when the teimiiial coionaii aiteii blanches were 
subjected to punctuie 


mm Hs 


ECG 





Fig 3—Pressure rccortline taken durlnp manipulation of catheter throuRh the pre 
cordium of a ^ month old Infant The low aortic diastolic pleasure In some of the complexes 
Indicates aortic lnsuiHcIenc> The \arlnbllltj of this flndlns: suKE:c*!ts that It is ah artefact due 
to pressure of the catheter on the \al%e 


In the 3 month old infant, raodeiatc icsistnncc -was offeicd by the sub 
cutaneous tissues and the In pcitiopined left ^entllculal uall The left ^en 
triclo yas cnteicd -without undue aiihvtlimia The tubing was passed into the 
noita and left atrium, and prcssiiic rccoidmgs weie taken (Fig 3) TIowe\ei, 
the tip of the tubing slipped back into tlic pciieardial sac before satisfactoi^ 
micction of contiast medium could be made A second puncture was made -with 
greatei ease, and left icntiiculai cmeangiocaidiography was performed The 
studj showed a ^Gntllculal septal defect and naiiowmg of the aorta, but no 
disciete coaictation The child toleiatcd the proceduie well, and was wide 
awake and fairlj actnc when brought back to the waid Follow up o\er a 
1 month period indicated no cMdenee of delated ill effects 


DISCUSSION 

It is believed that this new method has distinct ad\antages over needle 
punctuies into the left atiium or left ventricle for measurement of pressures 
or injection of eontiast medium directly, and over the polyethylene tubing 
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threaded through a needle and passed subsequently through tlic different car¬ 
diac chambei’s. Ordinarily, 15 to 18 gauge needles arc used for left heart 
punctures through the chest Avail, and one corresponding to a 22 gauge needle 
by the suprasternal approach. The stylet or needle used in our studies is of 
19 gauge. Since the stylet is threaded through the plastic tubing, and removed 
after it is in a ventricular chamber, a large bore tubing remains in place. This 
tubing corresponds in outside diameter to a No. 5 French cardiac catheter. It 
is about twice the external diameter of the left heart catheterization tubing 
passed through a 17 gauge transbronchial needle. Its larger hunen ]o.ssens the 
incidence of clotting, and enables one to get better prc.ssurc tracings and inject 
a satisfactory amount of contrast medium rapidly. The ventricular wall can 
clamp more effectiA'cly on the slightly compressible tubing than on a needle, 
preventing leakage. Being flexible, this tubing produces les.s fixation of the 
heart and should be better tolci'atcd tlian a rigid needle of the same or larger 
size. Furthermore, the tubing is of sufficient .size and rigidity to i)ermit con¬ 
siderable manipulation in achicA’ing passage through the atrioventricular and 
semilunar valves. Reasonably accurate pressure eui’ves are obtainable through 
both the polyethylene and Teflon tubes. 

The rabbits used for the study Avere young, and Imd hearts Avhich Aveighed 
about 4 grams, as compared to about 100 grams in dogs Aveighing 12 kilograms. 
Considering the size of the hearts and the thickne.ss of the ventricttlar Avail in 
relation to the size of the puncture avoutkI in the myocardium, there Avas re¬ 
markably little bleeding into the pericardial and thoracic cavities Avhen the 
first attempt Avas successful. Po.s.sibl.v a pericardial or intcimal mammary 
vessel Avas punctured in the eleventh animal to account for the blood clot in 
the inferior mediastinum. In the first rabbit, there Avas gross evidence that a 
major coronary artery had been pierced tAvice. There Avere only minimal S-T 
changes observed AA’hile the experiment Avas in progress. Unfortunately, an 
electrocardiogram aa^s not taken before the rabbit Avas sacrificed to look for 
further change.s, if any. Presumabl.A-, the rabbits had normal myocardia .so 
that the rate of healing Avas fairly rapid. 

In dogs, except for some difficulty in going through the chest Avail, the 
procedure Avas easier than in rabbits. The diaphragm of the dog is more conical 
and higher. It was difficult to aA-oid the left leaf of the diaphragm by the 
paraxiphoid approach. The stylet and tubing, therefore, Avere inserted through 
the fourth left intercostal space. Apparently the Avounds produced in the left 
A'cntrieular Avail closed immediately upon withdraAval of the tubing so that 
bleeding Avas not observed to come from them. Autopsy studies have been 
reported on dogs punctured Avith a 17 gauge needle; the sites of entry Avere 
often difficult to identify, and detected only microscopically as focal scarring.‘ 

As shoAvn by multiple thrusts into the exposed heart of a dog, it could be 
that CA'en in our rabbit expei'iments, bleeding did not ahva.vs come from the 
puncture sites of both ventricles, but possiblj’ came from the pericardial vessels 
or coronary blood supply Avhen these AA-ere pierced by the stylet. 

For infants and small children, a piece of tetrafluorethylene tubing, 25 
cm. in length AA'as tliought sufficient to reach from the apex of the heart to the 
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piONinnl aoita A 19 pnugo Inpodcimic needle ^\as used instead of a ^\ue 
st\let m oidoi to indicate whetliei the tip of the iiistiumonl iias inside the 
pciicnidial caMt^ oi in a caidiac chambei bcfoie icmo^al of the needle, and 
also, 111 oidei to a^old an embolism, In peimittmg the intioduction of contiast 
iliiid into the tube as the needle nas niflidiann Ajipioaching flie left len 
tiiclc thiough the apc\ icduced the posslbIIlt^ of pieicing laige blanches of 
thccoionan aiteiics Also, tlic intcinal iinmman ^osscls ^\elc a^oldcd lion 
c\ei, the plcuial space was piobabh tia\eised TIic piocodmc should be 
tolciated b^ the lentncul.u m^oca^dmm m loung childicn whose coionan 
ciiculation is iioim.al Since the scai is weakest dining the second week aftei 
the punctinc, lestiiction of nctuit\ nia\ be desiiablc 

Xotc "Willie the expciimcnts wcic m piogicss, Scldingci^ desciibod a 
lemniKabh similai st^let catlictei foi splenic punctinc in hcnopoital ^enog 
lajiln and pcicutancous tianslupatic eholangioginjiln I^ailici ho had applied 
a similai instiumcnt to the puiietiuo of aiteiies and ^elns “ ” 

SUMMARY 

A new method foi pcicutancous left icntiieulai ininctuic is desciihcd A 
19 gauge stilct threaded thiough a pohetlnlene oi Teflon tubing was dnccted 
into the loft leutucle thiough the left paiaxiphoid angle in inbbits, and thiough 
the fouith left intoicostal space aiitciioih m dogs Tlic stjlot oi needle was 
then withdiawn, loaMiig the tubing in place in the \entiiculai caMt\ The 
tubing was passed into the aoita and left atniim, and piessnio tiacings wcic 
taken In labbits, bleeding was negligible when the fiist attempt was success 
fill, but Its incidence and amount wcic incieascd gicatl\ wlion moic than one 
attempt was made Jlicioscopicalh, thcie was caih seni foimation and intact 
•Mseeial pcucaiduim and endocaidmm In dogs the left \ontiicle was cnsici 
to punctinc and no bleeding occmicd Diiect \isuali7ation of multiple punc 
tures of a dog’s hoait and peiicaidiuin showed that %entiiculni and small 
blanch coionaij alien bleeding wcic insignificant, while tlic pciicaidnl 
■vessels and atria might bleed enough to icqiiiie pencaidial tapping As the 
piocediue seemed icasoiiabh safe to apph in infants and small cluldien, it was 
peifoimed m a 3 month old infant scccich ill witli an incompleteh diagnosed 
congenital anomalj of the hcait The solid st-vlct was leplaccd b-v a hollow 
needle stylet The stjlet tubing -was mtioduccd at the apex The left ^Gntllele 
was entcied, the left atnum and aoita wcie catheteiized, and satisfacton 
cardioangiogiaphv was peiformed, without ill effects 

1Ve nish to acknowledge the assistance with the histology provided bj Dr Serafin 
Juliano, ICA Fellow m Pathologj, Department of Pathology, Indiana University School of 
Medicine Mr Clyde Foster gave valuable technical assistance Dr Harold King of the 
Department of Surgerj originally suggested the idea of a stjlet catheter to us 
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LABORATORY METHODS 


QUANTITATIVE DETERMINATION OF FREE LVSINE IN URINE 
BY TWO DntRNSIONAl. PAPER CIIRO.AIATO(jR \PIIY 
r Kfiu r\, B Sc, D 4 C , A R A C I 
ABr noi k\f, Ai stkm i v 

I N THEIR cailiei sunc\s of .imino ^icut o\eiotion iii ^.ulo^s disoulois Dent 
.ind associates’ - failed to losohe hsmo and oinithnic and hsine and arginine 
Since picliininai\ obseiiations of ammo acid c\ciction dining piegnanc\ in 
dicated that flnctuatioiib of hsinc concent i at ion appealed guatei tlian that of 
am of the othoi ammo acids, conditions weic sought nndci iihicli tins ammo 
acid could be uncepmoealh dtttimiiicd 

The picsent modifio<ition nas designed to gne a qnantitntno detmmination 
of l\binc In the optical scanning method using an “Eel scinnci • This Mas 
achicicd b\ (1) keeping the specimen at pll 2, inabling a standaid to be iiin 
.md mcasuicd on the s uuo papei side In side \uth tiio unkuaun iindoi* ‘SS iieaih 
ns possible, tlie sinic conditions (at this pII a compact spot ot hsnu dilndio 
chloiule Mas obtained), and (2) onlaiging tlic aica of the applud sample con 
traij to the gcneialh .iccoptcd piactice, to gne a l\sinc spot large enough to bo 
ineasiucd in tlie Eel scanner 

The use of the Dent appniatus alloMcd as man^ as 10 detcimimtions to be 
earned out togethei 


M^TFRIVLS \ND MCTlIODb 

Apparatus —Tlic tuo <linu n^ionnl cnpilHr^ n'seont tecluuquo uis used HMth stunlc-^s steel 
ipparntus, as dc’^erilicd b^ Datta and a««<’Ociatos J which allows minimum handling of the 
sheets 

Papci —TJjc paper usid was Mhitnian No 1 Eacti sheet measured 12 b' 12 inches 
Sohenis —Fightj per cent phenol in water was used as the first solvent Since the 
method depends on v pajticulir form of jill control, amnioma was not luressai} Ihis also 
minimizes background color winch has been shown to bo lesponsiblc for high and \ariablc 
blanks c AR grade BDHf phenol w is found to be satisfactorj without further 

purifii ation, and the solution could be reused^ as m tnj as 4 times until a pink color developed 
The second sohent was a 65 pci cent solution of a mi\ture of 2 4 and 2 5 lutidme (AR 
grade B D II ) A number of water miscible sohents,* 60 per cent acetone, 75 per cent ethanol, 

Fiom the Department of Obstetrics and CjnaecoloKj Unnersiti of Alelhournc an 1 
the Rojal 'Womens Hospital Melbourne Australia 
Received for publication Dec 18 195" 

•Manufactured by E\ans Blectroselenlum Dtd Harlow Fssex Fnjilan 1 
t Vnalytlcal reagent er ide British Druir Houses Ltd Fnerlan I 
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• Fie, 1—Illustrated ato the final posjtions of l.\ sine in tiic iirino specimen CpH 2 2 
the standard l%sinc (pH 14) after compietlon of tlic two diinension.tl run Tlic stiip 
fit the scanner can be seen 




Figr* 3^—Scanner curves show re«?ult of re\ersing stiip in holder to obtain base line 






Number? l>i:T;:I^^rI^’■ATIOiY or rni:j: tasine in urine 251 

n liutnnol noetic aci<l,natcr nn\turo (40j]0*50), tcsteci, but tlicj viorc found to be un 
•’uitnble 

Uciclopment of Spots —One tenth per cent njnlii.drm in nS per cent ctlmnol uns sprajed 
on the shcet«i, which ^^o^c nlloucd to dry oxemight at room temperature to obtain maximum 
development of the eolor'«" 

Specimens. —Twentj four hour urmc specimens containing 50 ml. 1 5N IICl as pro 
servative were each made up to 2 Jiter** To entire that eolleetion of the ‘jpocimcns was com 
jilete, ereatinuie wa*? determined 

DesaUtno —TJnsto. n was consjdered unnece^-sary ns in the few cases where a "salt 
effect" was noticed the Ivsiiie spot wns not affected 

Tccliniijuc —In order to obtain spots of a size ‘suitable for measurement in the Eel 
scanner, volumes of urine somewhat greater than giMiernll^ rccommciuled were used 

One hundred microhters of the diluted specimen (pH 2) were pi iced at the lower left* 
hand comer of the paper, inches from the lower edge and 1 incli from the left hand side 

An 0 1 ml micropijutte was used to add the specimen a drop at a time Each drop was dried 
inimediatclj In means of an ehctric hair drver to ensure tho di.vmeter of the applied spot to 
bo about J 5 cm 

It was found that tins volume of urine gave approximately 2 to 10 /ig of I^sme, a con 
venicntlj measureable quaiititv. For the minimiini quantity of Ijsinc which gives visible 
colors with innhwlnn, varying figures arc given dependent on the conditions tz-u 

Eight microlitors (I /ig per inicrolitcr) of standard Ivsinc solution of pH 2 was delivered 
bj means of a calibrated rod blood cell niieropipette at a point 3 inclics to the right of the 
origin ami allowed to sprea<l to tho <anic area as the niiKnown Duplicate samples were treat 
ed with ir. 0 , 12 , IV jiud Ijsinc appeared to be unaffected 

The temperature of tlie chromatography room varied only from 20 to 22® C. The sheets 
were allowed to equilibrate overnight for at lean 18 hour" After tho phenol run the 
sheets wore dried at room temperature for about 3 liour« and finally were transferred to a 
thermo‘!tatically controlled cupboard equipped with a fan, and dried at 35 to 40* C for an 
additional C liouis By this time no smell of phenol remained 

The phenol is not easily removed at room temperature On tho other hand, if dried at 
high temperature losses of amino acids occur.** *••• *"* ** Under our conditions the phenol is 
completely removod at a temperature which should result in a minimum loss of ammo acids 
Since the ‘standard and unknown lysine were run on the same ‘slieet and their concen 
trations were of the same order of mignitudc, any slight loss should not affect the final result 
which i<i a relative figure only 

After equilibration for 2 to 3 hours the lutidiiic solution was run for 24 hours 
Tlie use of the ba‘«ie solvent firstio would reduce considerably’ the total running time of 
tho chromatogram, since diying of the sheets after each run would bo quicker. However, 
BlocKio found that under these conditions the color intensities were less than when phenol is 
used first 

After development with ninliydrin the piece of ‘sheet containing the unknown and 
standard lysine spots was cut out to fit an Eel scanner (Fig 1). The optical density was read 
on ,t calibrated nncroainmeter, aad the reading was plotted directly to giro a graph of the 
concentrations The areas under the two peaks were measured by counting the squares on the 
graph paper and tlio unknown calculated as milligrams per 24 liours (Fig 2). 

The Eel scanner is normally u^ed to mcasarc proteins after separation by electrophoresis 
It is a simplification of an instrument such as that described by Gra^smann and Hannig 24 
The other constituents of the urmc affect the standard less than they do the unknown 
Otlier ammo acids liave been in contact with the paper between the unknown and the standard 
during the phenol iiin, and may have left a slight residue detectable by the scanner. In some 
cases the grapli did not return to the original zero position In an attempt to cancel out this 
effect, after scanning in tho direction standard to unknown, the strip was reversed in the 
holder to measure m the opposite direction (Fig 3). 
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The Icngtli of the slit of the scanner is 314 cni. The originally applied spots of ur 
and of standard of diameter 114 cm. gave lysine spots each of diameter Sl4 cm. This lef 
blank margin of 14 cm. on the paper both above and below the .spot. The length of the .slit 
fixed; therefore, we attempted to remove the effect of the blank margins by placing strips 
black paper on the glass plates but the cuives ran off the graph paper. It was found nr 
satisfactory to leave the blank margins provided care was taken to keep them the .same wi< 
for both unknown and standard. The results for two pairs of lysirre spots of different c 
centrations, each pair run at different times, .show this effect (Table I). 


Table I 



1 (A) LAKCEB BLAXK MAKOINS | 

i (n) SMALI/EK BLANK MAROn 

Lysine in (ig 

5.6 

11.2 

1.6 

4 

Area in incli 

squares 

48 

00 

42 

94 


After replacing the errt-out piece of paper with trarrsparent tape the whole sheet \ 
then photographed in transmitted light both in color and in black and white. 

Eiriall.v, irr airticipation of fading, the individual spots on the sheets were outlined 
pencil and a description of the color and relative .strengths was written beside each spot. 
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Fifr. 4 —Four micro,?ram mixtures of ornthlne, lysine, and arginine at different pH’s af 

phenol run. 


RESULTS AND DISCUSSION 

Arginine can ocenr in urine, and Stein™ found large excretions of ornitlii 
as well as lysine and arginine in the urine of 5 patients with cystinuria. 

At pH 1 to 2 in a phenol-water system h'sine gives a single compact spot 
the dihydrochloride, while between pH 2 and 10 it gives long streaks due to d 
sociation of the carboxyl group."*’ ™ At pH 11 to 12 a single spot again occui 
since the two amino groups have lost their protons, this represents tlie ani( 
Arginine and ornithine behave in a similar fashion. 
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"Witli a mixture of arginine, lysine, and ornithine, discrete spots appear at 
and belotv pH 2, but at pH 11 to 12 the 3 coincide at Rf 0.75 This behavior is 
shown in Pig. •}. 

To ensure that tlie unknown spot being studied is, in fact, is sine, identifica¬ 
tion was established by adding known amounts of lysine, arginine, and oinithinc 
to the urine sample for the two-dimensional run. Only the added lisiiie coincided 
with the unknown spot (Pigs 5 and 6). 


# ST>1««JU> 
Hft/rfe 


Fig. 5 —Chrowatoffram of urJne apeeJmen (pU 2) shons rjuantltatixe measurewent of 
l>a!ne in presence of ornithine and arginine Eight mlcrogranis each of arginine, l)a]ne 
and ornithine has been added to tlic «i>cclnien wliich originally contained no detectable Ij^inc 



Landua and associates^- suggest pH 10 as the most suitable condition for the 
separation of lysine Onr results show that this is not desirable when arginine 
or ornithine is present. 
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A pH of 1 to 2 is not necessarily the most snitahlc pH for other amino acids 
■which occiu’ in nrine. At this pH some give ratlier large and, in some cases, 
diffuse spots, although preliminaiy experiments have shown that taurine, cystine, 
alanine, and glutamine may also he determined on tlie same paper as the otlier 3. 
Therefore, if amino acids other than those are to he determined, some other pTI 
will be necessaiy or, alternatively, other solvents must be i\scd. 

Stein and Care.y=^ have sliown that tlio concentration of lysine in urine in¬ 
creases after acid hydrolysis. Our conditions are very mild compared with 
those necessaiy for hydrolysis, and no change has been ob.served after S months' 
storage in a refrigerator. 

It cannot be stressed too much that in all chromatographic umrlc it is im¬ 
perative to know exactly the conditions under which the experiments liavc been 
carried out before any interpretation of a chromatogram is attempted. For 
example under the conditions of our experiments (pH 1 to 2) glutamic acid 
appears as a horizontally streaked spot above lysine (Fig. 5). Under alkaline 
conditions Dent and 'Walshe- have .shoAvn glutamic acid as a compact spot ap- 
peai’ing in approximately the same position as lysine does under our conditions. 

.SUMM.VKY 

A two-dimensional chromatographic method for the determination of lysine 
in urine has been described. A standard is run on the same paper. By adjust¬ 
ment of the pH of the samples and of the area over which they arc allowed to 
spread wlien applied, spots of one lysine species are obtained which can be com¬ 
pared by means of an Ficl scanner. 

I wish to thank Miss ^I. Johnson (Pathology Department, Royal tVomen’s Hospital) for 
the photographic work, ami Jlr. J. tV. Logge (Biochomi.otry Department, University of Mel¬ 
bourne) for his helpful criticism during the writing of this paper. 
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DIFFERENTIAL ULTRAVIOLET SPECTROPnOTOJIETRIC 
DETERMINATION OF SERUIM .SALICYLATES 

L. A. ^yILLI^Ms, B.S.,* R. A. Lixx, iAL.S.,'' and B. Zak, Pii.DU® 

DicTROfT, Mich. 

T he quantitative determination of salicylalcs in biologie media lias seen use¬ 
ful employment for clinical,’ forensie,' and pliarmaeolofrie applications/' 
The detei'ininativc techniques liave been mainly eoneeiaied with the plicnolie 
nature of salicylate cither tlirougb iron or metal rcaelions'’ ’•" or by eoujilinjj 
ivitli diazotized p-nitroaniline/’ Some investiftation bas been carried out on the 
reducing action of salicylates'' or on the determination of salicylic acid in the 
ultraviolet region of the spectrum."’ The problem of the isolation of .salicylic 
acid for quantitative and (inalitative tillraviolet siieciropbotomctry free from 
the interferences encountered in biologic material can be simjdified by the 
use of the differential characteristics of the ulti'aviolet .spectra of salicylatf* at 
two different pH levels. Previously, it has been shown that the spectropholo- 
mctric determination of barbiturates can be carried out by the employment of 
automatic recording differential spccfroi)hotometry.'-’ This has jjrovided a 
simple, rapid, and accurate ultraviolet spectrophotometrie (|uantitation pvoce- 
duro in which a composite spectrum could be obtained. This spectrum repre- 
.scjited the automatic subtraction of two specti'a, both containing the .same sub- 
.stance in the same concentration but at two different pll levels. The conversion 
of the solution from pH 13 to pll 10..'i resulted in a hyp.sochromie shift of the 
spectrum. The subseciucnt subtraction of one spectrum from the other s]>cctrum 
showed charaetei’istie differences peculiar to the barbiturate being investigated.” 

The present investigation describes the use of an automatic ratio recording 
.spectrophotometer for the (juantitativc determination of the differential .spectral 
characteristics of salicylate at two pH levels. As ])reviously described for bar¬ 
biturates,’" it obviates the time and error involved in manually detei'inining 
.spectra which are crude and limited in nature"; it does not use blanks since 
the two aliquots of salicylate blank each other just as if the spectra had been 
individually recorded again.st their own blanks; it eliminates subtraction of 
one .spectrum from its mate since the in.strumentation techniciuc automatically 
sub.sti'acts the two .spectra, and it enables one to analyze foi' salicylate or bar¬ 
biturate or a mixture of the two as they may be encountered in biologic media. 
The extension of the procedure to 100 /d samples for salicylate determination 
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IS also (lesciibod The autonuitie latio iccoiclmg spcctiophotomotei is not neces 
san to the pioccdurc since a in uuul spcctrophotometei can also be used Hom- 
c^c^, automatic instiumcntatiou etlccts a gieat suing in the time and effort in 
%ohed in the toclinniuc to be d( scribed 

”Ullini\LS VNP MITIIODb 

7 latjcnts — 

1 Chloroform, spectrinnhrod or lodistillod 

2 Sodjum Juclroxule, 0 45 N’ 

T Ammonium clilorulo, 16 and 20 prr cent 

4 Iljclropfiloric acid, (i Jv 

7 qiiipmcnt — 

1 Rccknnn DK 2 lutonutic intio ricordinp ««pe<*trophotomoter 

2 Silun emettts, jintro and micro, 1 cm Iipht pith<* 

inncntation —Zt ro the iiKtuinuiil, uhliriiig tin Judrofioi 1 im] mrcc ml tlu plioto 
multiplier tube at position I\, ii-Jin,; the folloiMiig ‘*j>oeificiiti»ns 


^\a^c length JOO m/i 

ApproMnnto ^lit uidth 0 04 mi 

SensitiMt} 100 

Time 2 immit 

Time constant 0 2 

Initial rang« 0 to 100 

^^calc, initial ] or (it I 

Final range -0 I t( +0 “ 

Scalp, final il 'Oi ban 


Vftir /troing tin iiistrurm nt, chmgc the rniigp to 011 +0’ md tl s do to uhsoihanco 

with the cmettpa m the curette holder The pen will now autoinati all\ mo\( to 0 1 ah 
'orbanoc on the chart paper If the pen i-* not exartU at 0 1 al orb me i adjust it with 
the 100 per cent control hnoh Record the spectra from 400 m/i to 210 in/i using tlio preiioualj 
specified conditions 

Analysis of UnknoiLn Solultont (ilacromethod) —Pipette 1 ml of seiuni (urme or 
use a weiglied portion of tissue iiomogennto) into a scpl^ato^^ funnel Aid 1 ml of 6 N 
hydrochloric acid and 50 ml of chloroform Fxtrai-t tho R«KUfied nntenal for o minutes 
Filter the chloroform li>ei into a clem dry sepiiator\ funnel discarding the aqueous 
phase Add 7 ml of 0 45 N sodium hydroxide to 45 ml oi nioii of the cliloroform solution 
of salicylate and hick extract tlit chlorofoim phase for 5 immitos Discard tlic chloroform 
liyer and centrifuge the aqueous phase PJac< two 1 ml portions of the aqueous pliasc into 
two silica cells To one cell add 05 ml of 0 45 N sodium ludioxide and to the otlnr adl 
0 5 ml of lb per cent ammonium cliloride Mix well, co^el and real differentially using the 
ammonium oliloridc treated sample in the rcfcience side 

Analysis of Unknown Sohitions (Micromethod) —Pipcfte 01 ml of scrum (urine or 
i weighed portion of tissue homogenatt) into 10 ml of chloioform Add 0 1 ml of 6 N 
hydrochloric acid and extract for 5 minutes Centrifuge c ircfully aspirate off the upper 
layer, and discard tlie aspiiated material Pmette 1 0 ml of 0 45 N sodium liydroxide into a 
9 ml aliquot of the cliloroform solution and back extract for 5 minutes Centrifuge and 
carefully remo\e the lower layer using a long needle on a syringe Pipette 0 4 ml aliquots of 
the alkaline extract into two microcuiettes and then add 0 05 ml of 20 pci cent ammonium 
chloride to one cu\ette and 0 05 ml of 0 45 N sodium hydroxide to the other cuvett( Mix 
and read differentially using the conditions preaiously described, and with the smallest masking 
slit of the DK 2 filter holder turned parallel to the instrumci t «ht 
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Fig. 1,_Wave lengtii per cent tran.smittanco spectra for .salicylate at various pll levels. 
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Pig. 2.—Normai and differential spectra of salicylate at pH 10.3 and plf IS. 
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lU Sl’i TS \\D DISCU^^'sION 

In 01 (ki to detciminc tlic two pll lc\els which would yi\c adequate anahtic 
scnsituitj as well as diMinguishin« qiialUatnc ehaiacteiistics a numbei of 
spcctia were giaphod at \anous pjl le\els The cxtieines aie shown in Fig 1 
Tlieso tiansmittancc wa^e Icngtli cni\cs wcie made witli 4 3 /xg of salic\latc 
pci inilhmetoi and lecoided against then aiipiopiiatc blank It is quite c\ideiit 
that the best dineuntul ciii\o could be obtnimd b% the subtiactioii of the lead 
mgs ot Cune 3 lioiu Cune 1 r’m\e 1 was caiiied out in 045 N NaOH, Tune 
2 in 0 1 N n-^SO^, and Cune 3 m \aOII and NH^Cl buffei of pH 10 4 Tiiese 
happen to he uIea^f^ suited smte thee aie also the best pIFs foi the similai 
detoimination of baibituiates 

Fig 2 shows tlio speetia obtained with salicylates using the two pH levels 
decided upon Cune 1 shows the pH 13 giaph, Ciu\e 2 shows the pH 10 5 
giapli, and Ciu\c 3 shows the composite spectrum obtained In using tlic ditfeien 
tnl cliaiactcnstics of the iiistiumont to snbtiact one cune fiom the other as 
dcsciibcd in matcnals and methods The two ma\ima occui at 318 and 246 
ni/i while the two minima oceui at 283 and 233 m^, icspcctuely Since both 
emettes contain equal aliquots of the same c\tiact mateiial and aic distinguished 
fioin each othei only In pH difCciencc, intcifcicnce from cstianeous ultiaxiolct 
absoibmg mateiial can only occui if the intcifcnng compound also shows a 
similar liypsochiomic spectrum shift at the two pH \alucs employed This 
lepiesonts a unique ad\antagc o\cr normal iiltia\iolet anahsis of biologic mate 
nal since thoic are many' compounds capable of c\lubiting ultiaMolct spectial 
cliaiactcnstics which could show an addituc eiioi on the desiied constituent 
and which could not show the charactciistic shift with pH Thus, graphing one 
against the othci would yield a straight line foi this matcual with no inter 
fcrencc on the diffeiential spcctium 

Fig 3 shows a senes of diffcicntial absoibance wa\e length spectia for 
vaiious conccntiations of sn]ic\Iatc The langc extends fiom 4 mg pei 100 
ml for Cui\e A to 55 mg pci 100 ml foi Cul^e F It can be seen that the 
318 m/x peak could be usefully employed foi liigh concentrations of salicylate 
wlieicas the peak at 24G in/x. would be suitable foi iowei concentrations of 
salicylate The lattci peak lias a scnsitiMty of 3 times tliat of the peak at 318 
mix The minimum at 283 m/x is of a lowci order of sensitivity than is the 
maximum at 318 m/x and could be used foi salicylates above the 70 mg per 
100 ml ley el 

Fig 4 shows the calibration cm yes obtained using the absorbance differ 
ences at the 3 wa\e lengths The 246 m/t calibration plot is scnsitue and useful 
from 0 to 20 mg per 100 ml while the 318 m/x plot covers the range of 0 to 70 
mg per 100 ml Above 70 mg per 100 ml, one could use the 283 m^ curve 
although the oidci of sensitivity is lower 

Table I shows a senes of rcpicscutatiyc lecoycnes may by extracting ab 
solute amounts of salicylate from pure solution as well as from additions to 
sera yvluch had been shown to be salicydate free In comparing the diffciential 
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Pig, 1.—Wave lenpth per cent transmittance .spectra for -sallc.vlatc at vnrloii.s pH levels. 
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2.—Hormal and differential spectra of salicylate at pH 10.3 and pll 13. 
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spectra of salicylate extracted from sera and water, a reasonable similarity 
was obtained between the pure solution and the matrix investigated. The ac¬ 
curacy of the recovery of these compai'isons and tiioso in Tabic I were excellent. 



WAVELENGTH-MILLIMICRONS 

Flp. 6.—Curve A, salicylate differential spectrum. Curve B. seconal differential spectrum, Curve 
C. differential spectrum of a mixture of barbltuiate and salicylate. 


Table I. Recovery of Absolute Added Amount.? of Salicyi^te FROii Watfji and Serum 


SASIPLB 1 

SAI.ICYIJVTE PRESENT 
(MO./lOO ML.) 

1 SALICYLATE FOUND 

1 (mc./IOOml.) 

Serum A 

10.0 

10.0 

Serum B 

20.0 

21.0 

Serum C 

30.0 

30.2 

Serum D 

40.0 

40.G 

Serum E 

15.0 

14.0 

Serum F 

10.0 

10.5 

Serum G 

14.0 

14.5 

Serum H 

20.0 

20.8 

Serum I 

30.0 

28.0 

Serum J 

40.0 

44.G 

Standard 1 

10.0 

10.0 

Standard 2 

10.0 

10.2 

Standard 3 

20.0 

19.7 

Standard 4 

30.0 

29.4 

Standard 5 

30.0 

29.2 

Standard 6 

40.0 

43.2 


Curve B of Pig. 5 shows the eliarnctcristic nature of the composite spectrum 
one obtains in this ease by differential spectrophotometric means with a common 
barbiturate derivative. Curve A represents a similar consideration for salicylic 
acid, i.e., a composite differential spectrum with a pH 10.5 solution of salicylate 
in one cuvette and a very alkaline solution of salicylate in the other (0.45 N 
NaOH). It would not be difficult to recognize whether one or the other were 
































NATL HALLY ACQUIRED TOXOPLASMOSIS IN THE GRxVY SQUIRREL, 
SCH RUS ORISEUS, AND ITS BEARING ON THE LABORA 
TORY DT \GNOSTS OE RxVBIES 

OiiLVND A Sowr, DVM, \\d Edwin II Lcvnfttf, MD 
Bfhkfify, C\lif 

I N NOVE^IBER, 1057, tlic cucass of a frla^ sqiiiirel (Scuuus gn'ieus) was 
sent to tins labonton with a icqucst that the biain he evamincd foi e\i 
(Icncc of infection with lahies Mins The nminal had been noted to behave in 
an abnonnn! niannei and iiad bitten a child Because of this episode, the 
animal was impounded, shoitlv after its capture, it became comatose and 
died on the follow in*; dav 

Lahoiatoiv e\amnintion itvealed no evidence that tlie squurcl had sue 
Climbed to lahies hut, i.ithci, that death might possible have been due to to\ 
oplasmosis Findmgi, heating upon this latter point foim the basis of this 
lepoit, which IS picseiitcd because of the almost complete absence of niforma 
tion on iiaturalh occunmg Toxoplasma infection in squiiiel species, and 
because toxoplasmosis is seldom (onsideied in the examination of tissue of 
wild nnimnls sliovnng ovoit evidence of CNS disease 

wvtfrivl wo mftiiods 

Preparatton of Inoculum —V smsll portion of tlic cquirrel brain v\a«i weighed and 
ground inamnll} in a mortar until a fine pa^te vmi'» obtained vudicient 0 85 per cent 
saline solution wa« vddod inorcmcntalh to give i 10 per cent ‘su^peniion This su«» 
jiension was centrifuged lion/ontnlK nt 2,500 rpin for 10 nnnutts and the super 
nntant fluid cnrcfulh removed To eich 09 »nl of fluid was added Ol ml of nn 
antibiotic solution containing 10,000 units per millilittr of peniciUin G and 50,000 
units jier milliliter of vtreptonivcm sulfate Hie mixture was ineul ited at 4° C for 
approxiniateh one hour ind then inoculated iiitracerebrallv in 0 01 ml amounts into 
mice J to 4 w eel s old 

Microscopic 1 xavwiati07i —Smear and imprint oreparations were made from the 
squirrel brim, utilizing tissue from the region ot Ammon s horn The preparations 
were stained h^ Seller's method, which is loutinel} emplojed in tins laboratorj for the 
staining of Negri bodies Subscquentlj, when the presence of toxoplasms was suspected, 
additional smear and imprint prepaiations were made and stained bj the Giemsa method 

REfeULlb 

Compicliensivo excimiiiatioii ot nvmcioiis inicioscopic fields of the slides 
stained bj Seller’s method failed to levcal the pieseiice of anj structuies 
identifiable as Negri bodies Examination of these slides with an oil immei 
Sion objective icvealed the picsence of a iiumbei ot large lound structures 
about 30 to 50 p. in diametei and containing numerous small bodies of 2 to 

From the Viral and Rickettsial Disease Labor itorj California State Department of 
Fublic Health Berkeley 4 Calif 
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present if the}- were present as a single contaminant of scrum or tissue. If 
one were to be confronted willi tlic piuspcet of both ])cing present at the same 
time, Curve C would be tlie I’esultant comimsitc spectrum obtained using the 
described differential technique. The height of the first differential salicylate 
peak appears unimpaired b.y the contaminant whereas the ne.xt two absorbance 
pealcs, both negative and positive, are so affected as to be inaccurate. Ec- 
extraction of a second portion of the invc.stigated material at pll 7.4 leaA'Cs the 
salic 3 dic acid unextraeted while the barbiturate is completel.v removed to the 
chloroform phase. Thus, one is able to analyze a mixture of both salicjdate and 
barbiturate if thej' are present in the same phj'siologic matrix, ilorc commonh' 
they occur as individual entities, and the procedure is simplified. However, 
salicjdate can be anal.vzed in the presence of barbiturate 'ivitli good accurac.v, 
and this would be more difficult to accomplish b.v conventional ultraviolet spec- 
trophotometrv. 

SUM.MARY 

A procedure lias been described for the determination of salicjdate which 
involves the use of the differential characteristics of an automatic ratio record¬ 
ing spectrophotometer. The technique obviates normal blanking and eliminates 
interference from ultraviolet absorbing material. The instrument automaticallj' 
subtracts two spectra of salicjdate, one from the other, after a hj’psochromic 
shift with a pH change and draws a composite spectrum. The analysis range 
is wide, the procedure is applicable to 100 / 4 I samples, and barbiturate, when 
present, can be determined regardless of whether salicjdate is also present or 
entirely absent. 
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jncpniations fioin the of both aiiinuK sho\\e(l tlit picscncc of to\o 

pJasmal p‘*eii<:1onsts, 2 shows the stiuctmes seen iii the hiain of tlie fiist 

mouse 

niscussiON 

Since the oup’inal lopoits of NieoIIe and 3ranceau\* fio/n ^ 0 Ith Afnca 
and of Splcndoie'’ in Bia7il (loseiibui" Toxoplasma as a new pioto/oon from 
the fjondi [Cfenodaciyhis (fondly a locleiit) and fiom the domestic labbit 
rcspectuch, the paiasite has Ikoii desciibod fiom a wide ^allct^ of mammalian 
hosts, fiom some maisupials and fiom teitain aMaii spcdcs Alam of these 
deseiiptions of natiiial infietion aic based on morpholop:ie obsci\ations and 
hence ma\ be open to cpiestion, altboup:b tbo appcaianec of T gondn is lathei 
distinctnc, an unknown oinanism eaiinot bo identified dofinitueh as T gondii 
on the basis of moipholop\ alone^ In addition to possessiiijr the moiphologic 
and tinctoiial charactciistics of T gondn, the unknown miciooipanism should 
be shown to be an obligate intiaeelhilai paiasite to imssess pathoglnlClt^ 
foi nnec and otJici laboiaton species, and to be nnmnnolo"icall^ lelated 
to known stiaiiis of T gondn Unfoitunatch because of the picssure of 
other and moie nifient woik no attempt was made to fulfill these ciitona 
One important eonsidciation, based on the icsults of moeiilatiou in the fust 
passage mice, <and peihaiis unwanantod was that T gondn ma^ acquiic patho 
gcnicih onh aftei piolonged passage at fiequent niton nK and that some 
strains, c^cu aftei a ^cal oi inoio of contiminl passage at fiequent intci\als 
still retain mimmal lescls of Miuloncc^'^ Thus, Pope and associates’ dosciibc 
a stiain wliioli pioducod onh inapparcnt infections m nnec duiiiig the fiist 
64 intiapciitoneal passages, theieattci the \irulence foi inieo giadiialh in 
creased, and fiom the ciglit'v fifth passage onwaid the moltallt^ was 100 pci 
cent 

Although tlic diagnosis of toxoplasmosis in the tioe squiiiol Sciuni^ 
giiseus, lepoitcd upon lieie is based cntiich uiion the tinctornl and morpho 
logic characteristics of the miciooigainsm setn in tissue piepai itions we con 
sideied it desirable to recoid the findings simc tlie onh othoi instance of 
natural toxoplasmosis in the s<iuiiiel (icl s<iuuicl) of which we aie awaie 
lb that lecoided b^ Coles in 1014 In addition, the cxpciicnco iccoided hcie 
suggests that 2' gondn should be considcicd as a possible ctiologic agent in 
the production of those s\mptoms that lead to subsequent examination of the 
animal foi labjos mius infection and might espccialh be consideicd when 
the losnlts ot sucli examination p!o\e negatne This possibilite finds suppoit 
111 leccnt lepoifs' •' fiom Noith Afiica that the sffuiiicl CttcUus cifefh(<! is 
highh subceptildc to cxpeiimcntal toxoplasmosis 

SUMMARY 

The biam ot a California gia\ squirrel {Sciunt^ gnscus), a tieelning 
species, was examined foi labies mius because the animal had been obsGi\cd 
to beha^e in an abnoimal m'lniiei and had bitten a child "Miuoscopie exam 
ination ot smeai and impiint piepaiations oi the biain was negatne ioi 
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Negri bodies but structures with the typical inorpliologic and staining char¬ 
acteristics of T. gondii were encountered. Tins is believed to afford at least 
presumptive evidence of natural infection with T. gondii in a squiiTcl. 

The excellent technical a.ssistance of Hr. Koichi Nakamura is gratefully acknowl¬ 
edged. 
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TIIL FINDING OF URINAKV PROTDOSi: IN (’ERTAIN 
RENAL DISEASES 
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J \coB M Lf\i\e, M D , Al.\i\ DuniN, M S , \nd 
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Ciiir\GO, III 


T he most common piotein piccipitants emplo\ed in tlio loutine c^aluatlon 
of piotcimina aie sulfosalicxlic acid, tuchloioncctic acid and heat and 
acetic acid AVhilc it has liecn Known foi mam ^cals that thcie aie qiialitati\c 
diffeionccs in the piotcnis of lumos fiom patients witli ^a^cd diseases,' it has 
not ah\«ns been possible to diffcientiatc Iw simple chemical means between tlic 
pioteimuia of \aiious t^pes of actuc icnal disease and that ot consestuc hoait 
iailiuc, picgiianc\, and otliei cxtraicnal piotoiiuuias b^ these piecipitaiits oi 
indeed In inoic claboiatc toclmiqiies of plnsical clicmistn 

In the loutinc anahsis of mines fiom iicpluitic and caidiac patients one of 
ns (.T jM L ) noted that the initial mines of a patient with actue glomeinlo 
nepluitis confiiincd b} biops\ jlelded liea\ \ piccipitatcs on fiist boiling, followed 
by acidification bnt mnch less to no piecipitatc when the ordei was le^eised, 
that IS, the mine first acidified with acetic acid and then boiled (The details 
of clinical and laboiatoi^ findings on this patient aio gnen m the Appendix ) 
The piotem containing mines fiom ccitain caidiac patients and fiom certain 
piegnant women examined at the same time did not ie\eal this phenomenon 
The phenomenon suggested piosence of a heat lesistant watei solnble snb 
stance, piotem like in natiuc 


Fiom the Ilektoon Institute for MetUoal Re«»eaicli of the Cook Counts Hospital anti tlic 
Dipaitinent of I^Iedicine of the Unl\ersit> of Illinois College of Medicine Chicago Ill 
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(8) contains appioxiinatcly 30 intr. of bound hcxose and 50 mg. of bound bexos- 
aminc pci' 100 ing. of nitrogen; and (9) reported by Dr. E. J. IVinzlcr as giving 
a strongly ])ositivc precipitin reaction with orosomiieoid antisera. (This may 
be an instance of a eioss reaction repotted for proteins of higli carbobydiate 
content.)' 

Tlie solnbilit.r properties displared In the substance isolated from the urine 
fulfills the criteria set forth in the definition for proteoses given in the introduc¬ 
tion. 

Further physical and chemical studies aic being conducted on this proteose 
and will be reported in a future eomiminication. 



FIff 1 —^Patlpnt J McQ Strip A scrum electrophoi€«!is 'with \eronal buffer at pH 8 6 
0 1 Ionic strength and stained ^\1th bromphenol blue Strip's B and C, isolatetl proteose 
electrophoresis under the same conditions, but uith Jl stained uiMi bromphenol blue and th{> 
C ^\ith periodic acid Icucofuchsm (Sebiff reaction). Note correspondence of position of cliii-f 
component in B and C ^Mth the chief (faster) component in C of Fij? 1. 


Patients .—Patients witii proteinuria ueic selected from the wards at Cook 
Count!’ Hospital, and the urines from iicpliritie patients ubo had been followed 
for periods up to 2 years in the Eescarch Nepliritic Clinic at Hektoeu Institute 
were studied. Tlie usual methods of clinical classification were supplemented 
by renal biopsj’ in 13 of the 50 patients studied. 

Acute Glomerulonephritis (Acute Phase ).—A detailed report of the elinieal, 
laboratoiy, and renal biopsy findings is given in the appendix for Patient E B. 
on whom serial studies have been made. Analysis of his mine some 10 days 
after sore throat and about a week after onset of edema levcaled a 4+ reaction 
witli 5 per cent snlfosalicylic acid, and a reaction of the same intensity witli 
heat, hut no precipitate formed when the urine was first acidified with acetic 
acid and heated to boiling. The proteose reaction was 3+. 
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3/13 3/20 3/21 3/24 4/7 

DATE 


Fig-. U.—Patient R. B. For Iclentlflcatlon of dates relative to clinical covwso, sore throat 
appeared about 3/4 and generalized edema appeared about 3/8, was almost gone about 3/24, 
and completely gone 4/7 (see text and Appendix). 


'S yilb. 



Fig". 3.'—Patient R. B. Strips A and B, serum and urine electrophoresis, respectively, 
with veronal buffer at pH 8.6, 0.1 ionic strength, and stained with broniphonol blue. Strip C. 
urine electrophoresis under the same conditions but stained with periodic acid leucofuchsin 
(Schiff reaction). Compare C with B and C of Fig. 1. 
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Oju week l.itoi, wiion edema \\as almost gone, the mine still ga\c a 4t- leae 
tion ^\lth suUosahe\lio acid, but a piccipitatc now ajijicaied when the acidified 
mine was hoatid to boiling The pioteoso icactiou was less about 2- Subse 
(liiont anahscs ic\ealcd that the dcttdahlo heat <oagulalile piotcins incioased 
while the piotcos'' content decioased until about a month altei onset (with pa 
tient as\iniitomatiL and edema tiec) theiL Wde onh heat coagulable pioteins 
with no pioleose to be detected These findings aie illustiatcd in Fig 2 

Scium and mine piotein eieitiophoiescs weu pciloimed b\ methods pic 
Moush desciibed iiom tins laboiatoix,*' and the patterns of the mine disclosed 
a tiailing ot the allmmin coilesponding to the alpha 1 position An electio 
pool otic stiij) of mine collected some 2 weeks after onset of cdcrn.i, wlien tie<itcd 
with tile jniiodu aeid ‘sduff uagont lexealod a posituc icaction at the alpha 1 
position (Fig 3) 
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•Repfat blop^^ at tliiK ot tho uho\« urine ''tu Ij viioueU glomerular htalinp but iiNo 
n persistent Interstitial ntthrltls which in certain trtns wa>» sc\tre »nouf,h to be associate I 
with tubular itroplo and ns inun> as 4 OUO colonies ot mixed tiora of Rinin positive and h>uiu 
negative organisms per milliliter of cithctcrlzed urino (ft is of Interest that despite initial 
recoverj of Type 1- beti litmolvtlc hticptococcl the antli«trtptol>sin an 1 untlstroptoklnaPQ 
liters never rose above norm 1 1 limits) 

trjjjs patients antistreptoIjsJn mixlnuim ms wJlh npid subs)hncr> oftcJ nciilt. 
episode While some c months after tills episode there vvns trinsltorv suspicious evidence 
of a superimposed p>tloncphrltlH (bj rdijsical examination and txnnilnatlon of urine sediment 
and bactenologj ; at the time of the bUi I) of urine licrt rtporte I this hud subsided undci 
therapy 

JRena! blopsj 2 months after acute episode sliowcl in addition to hvpoicelUilnrltj of 
KlomeruU and an otcasUmal Inttamraatovy eell some c. vrl> lobulation and adheslonR Uopeut 
biops> 4 months after acute episode showed rturcssion of tho former ^lornerulat chin^CR but 
persistence of the latter at a time when the patient b> oidtnnrj clinical crlteiia was well 
and urine showed onlv evanescent proteinuria and an occarlonal cast At the time of urine 
study here reported these Ind Ulsappcarc I 

SMuItIple urine examinations subsequent to this studv disclosed complete absence of pro 
tern an 1 pathologic formed elements 

^ lir>pp 12 beta bemoljtic streptococci weie ncovcrcl at the time of acute episode This 
iximum was liO at that tlim and has fluctuated around the .00 
nurla his persisted It Is an intermittent fin ling In Jnontlilj »\* 
been absent from Hidinient for at least C months piloi to the mini 
* the onl> remaining pathologic formed olemcnt« are limltf 1 to 


Acute Gloynci uloncphntis (Apparent Chniuil Itccovop) ■—In Table I luo 
guen uiino piotem and piotcose stiidjcs foi (i patients iilinse boniniiliagit gin 
moiulonepliiitic episodes oceinud o\a 5 months pietiously Diagnosis was (oii- 
flimcd In lenal biopsj in I (For details ot 2 lollow-up lonal bio]isies, see foot¬ 
notes to Table I) In the mines ol all G patients no pioteoso was ioiiiid, in -1 
proteinmia had also disappeared and m 2 patients tiansient piotcmmiii poi- 
sisted despite absence of licmatmia, rlinieal well being, and cieatmine ileiiianccs 
whieh, in seiial tollow up studies, stabili/cd close to iioiiiial liiiiits 
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111 colUiast to «i jrioiii) of JO patients \\iio, though comjiaiable in dcgicc of quali 
tatnc piotdmina, siumcd no t\ulciuo ol piotoosc in the niino Of those, S 
wcio in ((ing(sti\c Iiciit failure (2 uoie dassificil as coi piilinonalo, 2 as 
ailtiiosolciotu heail disease, and 4 as li\iH»itcnsi\c hoait disease) The 2 othci 
patients in this gionp earned tJie diagnoses ot met istatic caicinoma and cluonic 
lelapsiiig pancioatitis, lospectnch 

MtsccUon£OU<} Piotcinuiia ^—One patient \Mth a clinical diagnosis of lupus 
enthematosus (uhosc renal biops\ showed glomeiulai changes consistent theie 
witli) showed pioteosuiia in association with the piotcmunn Two patients 
with the same diagnosis and in the absence of cudent lenal iinolvement sliowed 
no proteosuiia or pioteiiunia In addition, 3 patients with multiple nneloma 
weie studied, 2 showed CMdcncc of Bonce Jones piotemuria, and one showed 
piotcinuna in the absence of Bence Jones pioteinuna All 3 patients showed 
posituc qualitatue tests foi pioteosniia The piotcose findings ma\ be e\ 
pi lined b\ the picsenco of Bonce Jones protein which is pioteose in nature® 

DlStts^lON 

The litciatuie is icpleto with nnestigations oi pioteinuiia, and inmimei 
able studies lia\e been conducted on scia and mines of nephiitic patients*"* 
The pioblcm of the nature ot the ntphntie ))iotcinunn has been appioached cs 
sentialh from these diiectioiis (1) the qualitative wheiebv the stability of a 
gold sol was studied witli the urines fiom patients witli vaiioas pathologic con 
ditions,* and the specific sciologic icactions whcioln scia diawTi during the 
edematous stage of nephrosis wcie icactod with antibodies from labbits hvpei 
immuni7ed with soium globulin liom ncpliiitic jiiticnts* (2) the quantitative 
wherein pioteins weic tiactioned into albumins and globulins, sludv’ing then 
latios and companng the findings witli that of seia ” * Most lecentl}, electio 
phoiesis bv the pipci stiip method Ins been empioved toi the separation and 
cpiantitation of serum and uiuiaM pioteins in nepluitis * 

Bv the usual methods foi uiiiiaiv piotoin precipitation, such as sulfo 
salicvlic acid oi tiichloioacctic acid, the piotcose also pieeipitates Bv these 
techniques, it was impossible to difieicntiate the pioteose fiom the albumin and 
globulin TJicse techniques oveiJooKed the possibilitv oi tiie presence in urine 
fiom nephritic patients of a heat soluble piotein whicli is precipitated with 
sulfosalievlic acid and tiiclilorojcctic acid but is lelcased tiom tlie piecipitate 
on boiling and then lecovcred in the filtialc a inotein winch ls left in solution 
aftei tlie coagulation of aibuinni and globulins bv acidifving and! boiling the 
urine These weie the piojieities which led us to the isolation of the proteose 

Beckman and associates’ rcpoitcd the isolation of a piotoin soluble in 
trichloroacetic acid No mention of the ctiologv of the proteinuiia is made 
Ilowevei, a comparison of the piopeities of then protein with the proteose iso 
lated bv us fiom the mine of nephritic patients does not levcal identitv AVhile 
the Beckman piotcm was not piccipitated bv 0 25 Af trichloroacetic acid, the 
material here repoited is so piecipitated The Beckman protein was piecipi 
tated bv heat and acetic acid while the proteose repoited here is soluble, and 
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tins is the basis for tlie separation of the proteose in ou7- proposed diagnostic 
test for active renal disease. 'While the proteose is not precipitated until full 
saturation with annnonium sulfate, the protein of Beckman and associates was 
precipitated b 3 ' half-saturated ammonium sulfate. ElectrophoreticaIl.y, the mo¬ 
bility was similar. The authors do not report whether their protein contained 
carbohj-drate. The proteose reported here gives a stronglj- positive test for car¬ 
bohydrate with the periodic aeid-Schiff reagent (Pig. 1). 

Popenoe^® reported an investigation of the trichloroacetic acid-soluble pro¬ 
tein of urine reported bj' Beckman and co-workers'" and concluded (1) that the 
principal acid-soluble protein of children with nephrotic sjmdrome is indistin¬ 
guishable from the alpha-1 acid gh'eoprofeiu isolated Schmid'" from normal 
human plasma b.v electrophoi'esis, bj' anah'sis for he.xose, hexosamine, and nitro¬ 
gen, and bj’ a specific precipitin test and (2) that it is not unicpie to pathologic 
urine. The gtycoprotein reported b.v Popenoc’'' did not form a precipitate on 
heating in dilute acid or on half-saturation with ammonium svdfate and was 
soluble in 0.25 M trichloroacetic acid, l.S 31 perchloric acid, and hi 0.6 31 sulfo- 
salicjdic acid fulfilling the criteria for tlie purified acid gl.veoprotcin of normal 
plasma."*- The proteose isolated b.v us from the urine of nephritic patients is 
precipitated b^- all the above-mentioned acids of the stated concentrations. The ■ 
comparison of the properties of the materials reported by Beckman and asso¬ 
ciates," Popenoe,'® and of tlie proteose reported here is summarized in Table II. 


Table II 


reagents 

BECKMAN ANP 
ASSOCIATES!" 

rOPEXOE'S 

MATERIAL HERE 
REPORTED 

0.25 M trichloroacetic acid 

Soluble 

Soluble 

Precipitated 

Acetic acid and heat 

Precipitated 

Soluble 

Soluble 

Salting out with am¬ 
monium sulfate 

Half satui-ation 

Full saturation 

Full saturation 

1.8 M percliloric acid 


Soluble 

Precipitated 

0.6 M sulfosalicylie 


Soluble 

Precipitated 


In a most recent and extensive study of the protein-bound carbohydrates 
in human serum and urine in proteinuria, Laurent"' reported that in pathologic 
sera a M'ide range of quotient values Avas found indicating the presence of abnor¬ 
mal proteins and/or pathologically increased amounts of normally occurring pro¬ 
tein fractions with carbohydrate quotients deviating from the average values. In 
proteinuria, the albumins and globulins of the urine contained hexose in approxi- 
matelj' the same amounts as the serum. There Avere no salient differences be- 
tAveen the bound-carbohj’drate quotients of the sera investigated and betAveen 
the corresponding serum and urine fractions. The results fi-oni his studj^ of 13 
normal human sera, 86 sera obtained from patients Avith kidnej^ disorders and 
miscellaneous conditions, and 44 urine samples from patients Avith proteinuria 
of Amried origin led Laurent to the conclusion that no loss of bound-carboliA-- 
drates occurred during the passage of protein through the kidnej^s. 

Goettsch and Lyttle"* reported in their precipitin studies in nephrosis and 
nephritis that the altered protein in the globulin fraction of 3 patients, Avhen 
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injected into tlie idbbit, loimcd antibodies ^\lllch did not icact uith noimal 
globulin, the antibodies reacted uith nephiotie sera dia\Mi dining tlie edematous 
stage of nepliiosis but not \Mtli the seia of healed ncphiotic patients These tern 
poial relations aie analogous, although not identical, i\ith the sequences noted 
abo\c foi uiman piotcose in the seiial studj of Patient R B (acute glomeiu 
lonephiitis) "We ha\e no cornpaiablc sequential studies in oiu chioiiic glomeiu 
loncpliutic gioup, 111 pait, because it is ehicfli adult, and “healing ’ in an adult 
glomeiulonephntic nephiotie patient is larc • 

Oiu pieliminan studies lead us to belieie that the occiiirenco ot luinaii 
pioteosc (m contiadistmction to piotein), ma% be coirelatcd i\ith aetne paien 
clnmal icnal inflammaton changes Pioteosuiia per sc does not ict, in oui 
CNpeiiencc, distinguish between gloniciuh and tubules as pnmau foci of in 
flammation oi between diicct bactciial and autoimmune patlioguiesis The ab 
sence of protcosuiia m oui piolcmuuas whose pathogenesis is piobabh not 
conelated with paienelmnal inflammation leads us in lathoi old fashioned tei 
minolog\, to the suspicion that while pioteiiuuia mai be tiansudatnc oi c\uda 
tne, protcobiuia is clinicalh indieatnc of an e\udati\c pioecss 

SUMM \R\ 

1 The isolation of a pioteosc fiom the unne of ncpliiitic patients is le 
jioited This pioteoso is olectiophorcticalh ehaiactenred b\ its position pie 
dominantlj at alpha 1, extending almost to the alpha 2 position, and jields a 
strongh positnc carbolndiate icaction with the pciiodic acid Sehiff leagcnt 

2 A simple test based on the solubihti of this piotcose is piesented, with 
eiidence (based on a stud\ of 50 patients in diagnostic categoiios including 
acute aetne and “healed” glomciuloncphiitis, cbionic glomerulonephiitis p\e 
lonephiitis, diabetic ncpbiopatln, and eongestne hcait faihiie) suggesting its 
utilit> in the clinical diffeicntatioii of netne paioiiclnmal lenal inflammation 
from pioteinunas produced In othei mechanisms 

APPENDIX 

R B (C C H 5S 17226), in ISjciroUl Puerto Kicin iinle, ^\'is ■\ilinitted uitli 
chief eompHint of periorbital edema of 4 da^s' duration One week bcfoic idraission lie liad 
a ‘*orc throat winch had sub'^ided bj the lime of edema appearance He denied \i<?ible heinn 
tuna, headache, prior episodes of edema, or any otiior phenomena suggestue of glomcrulo 
nephritis or pyelonephritis 

On physical examination the onl\ significant abiioimal finding was a minimal generalized 
puffiness noted particularh m the fnce, Iiands sicrum and ankles Spccificalh, blood pitssure 
was within normal limits as were the fundi and heart size 

The initial opinion of the renal team faaored acute glomeiuloiiephritis as a clinical 
diagnosis, howe^(^, m the il sence of gioss hemituria, one member belitvcd the proper classi 
fication to be an cvacerliation of a chronic membranous glomerulonephritis 

Although his imti il urine was not grossh blood>, on microscopic oxaminition it was 
loaded with red ccIK md, m addition, contained a few white cells and granular and hyaline 
easts in tlie centrifuged sidiment Neither white nor red cell casts were noted in the first 2 
weeks of his course, and theie were no white cell clumps 

•Ongoing serial studies in collaborition with Dr \aron Cros«!nian of Cook Count} Chil 
ilren s Hospital are aimed at elucidation of this point 
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His initial serum albumins were 3.6 6m. per cent, total globulins 1.5 Gm. per cent, 
gamma globulins 1.1 Gin. per cent, and cholesterol 147 ing. per cent. 

An initial nonprotein nitrogen of 70 mg. per cent Iiad returned to 32 ing. per cent at 
tile end of the first week of hospitalization and his edema had disappeared. At this time, 
lus 24-hour proteinuria amounted to 9.1 Gm. 

At the end of his second hospitalized week, proteinuria amounted to 6.1 Gm. per 24 
hours, creatinine clearance was 86 ml. per minute, scrum creatinine 1.0 mg. per cent, total 
serum lipids were 580 mg. per cent, lipid phosiihorus 9 mg. per cent, serum mucoprotein 
was 81 mg. per cent, and gamma globulins were 0.85 Gm. per cent. 

His initial urine culture showed no growth. His initial throat culture showed no beta 
hemolytic streptococci. However, while his initial antistreptolysin titer taken at the end 
of 2 weeks was 250, by the fourth week it had arisen to 333. The corresponding antistrep- 
tokinase values were 160 and 320, respectively. By tlic sixth week, the antistreptolysin titer 
had fallen to 250, and it remained at this level or below for the remainder of his course. 
His antistreptokinase titer, which was 160 2 weeks after admission, rose to 320 4 weeks after 
admission and thereafter returned to its initial normal level. 

Eenal biopsy, carried out one month after admission, was consistent with a diagnosis of 
proliferative glomerulonephritis, with findings suggestive of a chronic membranous process 
at a minimum. (Detailed report of histology is in preparation for publication in collaboration 
with Dr. P. B. Szanto.) Culture of tliis biopsy was sterile. 

At this time, multiple urine examinations continued to show 4+ proteinuria; 24-hour 
proteinuria amounted to 3.4 Gm. Microscopic hematuria had all Imt disappeared and tlio 
formed elements of the sediment wore limited to a few wliite cells and liyaline casts. 

When seen up to 3 montlis after admission in the Eesoarch Eenal Clinic, he continued 
to be asymptomatic and normotensive with normal scrum cholesterol, lipid pliosphorus, total 
lipids, and a creatinine clearance remaining in the 90’s. However, a 1-s to 2 + proteinuria and 
minimal microscopic hematuria has persisted. On one occasion, wliito cell clumps were seen 
in the urine. Two urine cultures were sterile; a third sliowcd nonhemolytic staphylococci 
(albus) with a colony count of only 440 per milliliter of urine. 

We are indebted to Warden Fred Hertwig, Cook County Hospital, and to Drs. Leonard 
H. and Louis D. Weissman, Medical Eesoarch Foundation, for tiie provision of basic facilities 
for protein research at the Hektoen Institute. 

We are grateful to Dr. Paul B. Szanto, Director of Pathology, Cook County Hospital, 
for reviewing the renal biopsies and to Dr. Daniel S. Kushner, Eesearch Nephritic Clinic, 
Hektoen Institute, for his valuable criticism of this manuscript. 

We also wish to express our gratitude to Mr. Claude Flanagan, Department of Bio- 
chemistr}'. Cook County Hospital, for his technical assistance and to Dr. Eichard J. 
Winzler, Department of Chemistry, Hniversitiy of Illinois College of Medicine, for the 
serologic testing of the material here reported. 
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contninod i p^roglobuhn s TIio imcroglobulm is inchulcd m tlio p^ioglobulm fraction, suicc 
eloctropliorc'sis of tlic ‘’cimii, after rcmoi il of ]i\iogIol ulin, no longer ‘sliowcd tlie presence 
of mat roglobulin 

•^erum I) containtd a m itroglobuhii diagnosed on the 1 i‘-is of water dilution, tcm{ ora 
tuit M^eovitv indov, and uUnictntrifugd ainiljsis The lattci ngam indicated 3 component^, 
witli ‘icdimentation con*«t uits of 4 "SS, I7b, uid d t 6S * 

1 Icctiophorcsts —Tlie electrophoresis was conducted bj the fluid film method, which has 
been described prcMOiisl^ c A veronal buffer of pll 8C was u«ed at the following concen 
trations 0 01 M, 0 02 M, 0 033 M, 0 0t>6 if, 0 lAf, and 015 M At each concentration, 
all 5 sera weie migrating simultantou<?l 3 m *^>0 same buffer solution, thus tending to cancel 
out possible variations that could affect the comparison of different scia at the same ionic 
strength The electrophoresis was conducted for a period of 4^, hours at IGO volts, cor 
responding to a potential gradient of 5 0 volts per centimeter 

RESULTS 

The elcctiopliciogiams of tlie 5 sera, at-each of the G buffer concentiations, 
are shovn in Tig 1 Dcnsitometci ciu\es (optical densitj of the stained electro 
pheiogiam along the migiation path) foi the nounal coiitiols 3^eic obtamed 
uitli a Kelab densitometci and are picsentcd in Fig 2 The relative mobihtj 
of the 4 abnoimal globulins v\as dctcimincd fiom the position at which the 
outside edge of the migiating band was paiallcl to the ducction of the electiic 
field Each abnormal globulin is designated in Fig 2 by a bai indicating its 
position when the normal and abnoimal electropherogiams are superimposed 

It IS seen that mobilitj vanes with buffei ion concentiations For example, 
as the buffei concentration dccieases, globulin A moves progiessnely closer to 
the real or tow aid the cathode in the same electiopheiograms and also as com 
pared to the y globulins of tiio noiinal control, Fig 2 The mobility of glob 
ulin B, however, compaicd to the mobilit} of normal globulin appears con 
stant Tlie macioglobulins icinam at the point of oiigin in the 0 01 I\I and 0 02 
M buffeis In the 0 033 JVl huftci, niacroglobulin C begins to migrate from tlie 
origin, and a new faint band appears toward the catliodc, suggesting an equilib 
iium between soluble and lelatuclj insoluble fiactions of this protein Macro 
globulin D does not migrate until the buffer concentration reaches a value of 
0 066 M The 6 noimal electiopheiogiams, conesponding to the curves of Fig 
2, aie lepioduced schematicallj in Fig 3 TJic scales of the abscissa arc altered 
as above 

Since each macroglobulin does not migrate fiom the origin until the ionic 
strength icaches a specific value, the absoibance of sera C and D, each diluted 
1 to 50 with veronal buffer, was measured at vaiious buffer ion concentiations 
in a Coleman Universal spectrophotometer, 580 m/x As Fig 4 shows, an in 
crease in turbidity, which can be correlated with an increasing paiticle size due 
to aggregation or decieasing solubility, occuis as the buffer concentiation de 
creases The concentiation at which the absorbance begins to inciease is slightly 
below 0 04 M for serum C, and below 0 07 M foi serum D These values coi 
lespond to the respective buffei concentrations at winch the 2 macioglobulins 
begin to migiate from the oiigm 

•bee footnote on opposite pajrc 
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rig; IB —(For legend see opposite pnge ) 



0J5 m: 



Fig. lA, 

Fi&s. lA and IB .—Electropherograms at 6 indicated veronal buffer concentrations. In 
each case, the top serum is tlie normal control, while the other sera are referred to in the 
text by the designated letter. 
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Fig 3.—Electrophcrograms conespondlng to the curves of Pig 2. reproduced schematleallj to 
Indicate the relative positions of the abnornial globulins 



Fig. 4 —The absorbance of the 2 "macroglobuim-contalnlng sera" after a flftyfold di¬ 
lution with buffers of varying concentration. Ordinal Is absorbance and abscissa is buffer 
concentration The drop in the absorbance of serum C in most dilute butter was due to the 
formation of a heavy precipitate. 
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DISCUSSION 

The dependence of relative mobilit}^ of normal serum proteins upon ionic 
strength agrees with results obtained previousl 3 ^‘ With a decreasing ionic 
strength, the results can be summarized as follows: (1) the relative mobility 
of cvi-globulin increases until, at a veronal concentration of 0.01 SI, it becomes 
incoi’porated into the albumin band; (2) the relative mobility of the as-globulin 
also increases; (3) the width of the a 2 -globulin band incieases suggesting a dis¬ 
sociation into further components; (4) the /3-globulin dissociates into a /3i- 
and a jSj-component. yi- and yo-globulin can be seen as distinct fractions onty 
in the two highest buffer concentrations. 



h “a 


Fig. 2—Den^itoiiioter cui\e'? of the noimal control of Fig. 1. Relatise mobilities of the 
abnoinitil globulin of e«icli seiuiu are indicated 

The alteration in the relative mobility and increasing sejiaration of the 
various protein components with variation in ionic strength maj' be related to 
both the retarding effect of the ionic atmosphere and to binding effects between 
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Fie. 4 —The absorbance of the 2 "macrofflobulm-containine sera' after a flftj-fold di¬ 
lution with buffers of ^arylnff concentration Ordinate is absorbance and abscissa is buffer 
concentration The drop in the absorbance of serum C In most dilute buffer was due to the 
formation of a heavy precipitate. 
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tlic proteins and buffer ions. Tiie mobility (/i) of a pi'oteiii molecnJc lias l)cen 
.sliown to be related to its charge (Q) by the expression’: 



<.'■>) (rf^) («) ('■ 



where -q is the viscosity; r is the effective protein .spherical I'adins; I’l the average 
radins of the buffer ion; f (k, r) a function correcting- for field distortion by 
a large noncondneting particle; k is the Debye function; C is a dimensional con¬ 
stant; and f (k, a/b) is a function correcting for the asymmetry of a protein of 
axial ratio a/b. 

It has been shown that the retarding effect of the ionic atmosphere due to 
the asymmetry function (k, a/b) is quite marked and that its effect is not con¬ 
stant for a given shape, but increases with the ionic strength." Since the serum 
proteins vary in regard to symmetry and axial ratio, their relative mobilities 
will thus be affected. A further cause for alteration of relative mobility with 
changing ionic strength may be unequal binding of buffer ions b}'^ the different 
proteins, which would thus influence the net charge, Q. Binding of buffer ions 
has been shown to be extensive, and to vary quantitatively, with individual pro- 
teins.®‘“ 

Shnilar considerations would also apply to abnormal globulins. The rela¬ 
tive shift in position of myeloma globulin A (Fig. 3) toward the rear of the 
gamma as the ionic strength is decreased illustrates that a myeloma globulin can 
exhibit the mobility of an “SI” or a “gamma” type at one ionic strength, and the 
mobility of a “slow” type protein at another ionic strength. 

The electropherograms obtained with the 0.15 SI, 0.1 SI, and 0.066 SI buffers 
reveal an opposite effect of ionic strength on globulins A and D, A moving back¬ 
ward and C tending to move forward as the ionic strength decreases. This be¬ 
havior is not exhibited by an}" normal protein visible in the same areas, which 
suggests that the abnormal globulins A and C differ, clectrophoretically, from 
normal components. The possibility is not excluded, however, that correspond¬ 
ing normal components may exist, but in too low a concentration to be detected. 

The macroglobulins, C and D, are the most grossly affected by ionic 
strength. This is due to aggregation or insolubility at lower buffer concentra¬ 
tions. The buffer concentrations at which the diluted serum begins to become 
moi'e turbid (Fig. 4) corresponds to the buffer concentration at which each 
macroglobulin will no longer migrate from the point of origin (Fig. 1). The 
maeroglobulin C shows an equilibrium between sohible migrating and insohible 
nonmigrating fractions in the 0.033 M buffer. Although both maeroglobulins 
are identical on the basis of ultracentrifugal analysis, the electrophoretic and 
solubility characteristics of each one are different, agreeing with the concept 
of “patient-specificity.”^ The heat sensitivity of globulin C is a further point 
of individual difference. The fact that the veronal buffer concentration at which 
macroglobulin D is sufficiently soluble to freely migrate lies close to 0.07 M, is 
especially important since paper electrophoresis is commonly conducted at a 
concentration of 0.05 M. Under such circumstances, the mobility of a macro¬ 
globulin ma}" be altered bj" incomplete solubility. The concentration of buffer 
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suitable foi the cleotiophoicsis of a gneu Jiiacioglobuhn, iiitboiit modification 
of lnoblllt^ due to iiicoinplotc sohibiliu, can leadih lie dcteiinmed b} the 
method dcsciilicd abo\c 


SlIMM \H\ 

Seia containing abnoimil globuhiis lla^c been subjected to electioplioiesis 
in buffcis laiMiig in ionic stiength It luis been found tliat the inobiliti of an 
abnoimal globulin, compaicd to the noinul globulins of the same scium, ma} 
change uith concentiations of buffei ions Possible icasons foi this dependence 
aie discussed 

Tlie Uvo maeioglobulins iinestigatcd did not migiate fai fiom the oiigin 
in buffei eonccntiations below a eiitical \aluc, spceific foi each piotein This 
cftect was found to be coiielated with aggicgation or iiisolubilitj of protein 
molecules A simple method is dcsciibcd to dctcimine ^vhat biilfei concentra 
tion ma\ be suitable foi the cleetiophoicsis of am paitieiilai maeioglobulin 
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ALBUMIN METABOLISM IN NEPHROTIC ADULTS 

Alax L. Kaitz, jM.D.*' 

Bostox, Mass. 

U RINARY loss of albumin is a eai’diiial manifestation of the nephrotic sjm- 
drome.^ The degree of hypoalbumincinia, however, has oecasionliy 
seemed out of proportion to the albuminuria." Recent studies have clarified 
the mechanism of the severe deficiency of serum albumin which may occur in 
nephrotic children. Using I“'-labeled serum proteins as tracers and immuno¬ 
chemical methods of assay, Gitlin and associates^ have reported that in children 
with the nephrotic syndrome an abnormally increased fractional rate of 
catabolism of albumin, gamma globulin, and iron-binding globulin may accom¬ 
pany the urinary loss of these proteins and, thus, significantly contribute to 
their serum deficiencies. 

The present report is a similar study of nephrotic adults to determine 
whether an abnormality of albiunin metabolism occurred in the adult as well 
as in the childhood typo of nephro.sis. 


JIETUOD.S 


Tliree adult patients with latent nephrosis and 3 with overt nephrosis were studied. A 
.summary of these patients is given in Tiible I. 

Each patient was given a single intravenous injection of Iisi.labeled human serum 
albumin consisting of 0.5 to 1.5 per kilogram and a total of 1 to 5 mg. of albumin. Tlie 
labeled preparations wore obtained from Abbott Laboratories and contained less than 1 per 
cent nonprotein ivu. These lots wore also used for tracer and blood volume studies in other 
individuals without proteinuria and had iialf-Iives of 12 to 17 days with loss than 1 per cent 
imi urinary excretion in 4 hours. All dilutions of the stock Iisi-labeled albumin solution were 
made with saline containing 0.5 per cent human serum albumin to serve as carrier and to re¬ 
duce the probability of radiation effects on the labeled molecules. Lugol’s solution, 10 drops 
3 times a day, was given continuously starting 4S hours before the injection of the Ir^r-labeled 
albumin to block thyroid uptake of Ii=i. 

Complete daily urine collections were obtained on all patients. Venous blood samples 
were drawn every one to two days without anticoagulant and the serum separated from the 
clot. For the purposes of this study, plasma and scrum are used interchangeably. Total fi^i 
activity was measured on 3 ml. aliquots of urine and serum. Nonprotein Iisi in the urine 
was determined by precipitation of the protein in a 3 ml. aliquot with 3 ml. 20 per cent 
trichloroacetic acid for 24 hours at 5' C. and assay of activity in 3 ml. of the supernatant 
after centrifugation. albumin activity in the urine was calculated by subtracting the 

nouprotein from the total imi activity. The same volume of fisi albumin solution in the 
same syringe used for the injection for each patient was diluted 1 : 5,000 with saline containing 
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0 5 per cent albumin as earner A 3 ml aliquot of tins dilution uas counted along ujth all 
samples as a standard to refer all calculations to the administered dose The use of this 
reference standard ob\ntcd the need to correct for I*3i dccaj 

Plasma \oluinc was determined bj the isotope dilution method, dividing the total actnitv 
injected bj the aetlvit^ m the «orum 12 inimites after the injection The activitj in the urine 
at this time wa« le<ss than 0 1 per cent and could be neglected The 12 minute interval was 
'‘elected as allowing adequate mixing m the circulation with minimum extravaseular diffusion 
and met ibolic loss 


TaniF I So'tM\r\ Of Pvtilnts Studild 




SERUM 




croup AND lATIFNT 

TOTXL pro 
TEIN 
(CM 

VI BLMIX 
(CM %) 

CHOLESTEPOL 
(MO f/c) 

UPINE 
PROTEIN 1 

DRB* 

Group A Patients with latent 
nephrosis (little or no edema 
and minimal hjpoalbummc 
mia) 

R T (BIH 30111), 30 3 car old 

51 

3 3 

407 

3f 

+ 

white man, studied in October, 
1935 Diagnosis chronic 

glomerulonephritis 

T C (BIH 70382), 35 year old 

54 

34 

400 

4+ 

+ 

white man, studied in October, 
I9o5 Diagnosis chronic 

gloracrulonophntis 

H G (BIH 65760), 30jcarold 
white man, studied in Juno, 
1957 Diagnosis diabetes 

(October, 

1950) 

4 6 

20 

445 

4-h 

+ 

mollitus 

(June, 

1937) 

63 

34 

330 

4+ 

+ 

Group B Patients with oiort 
nephrosis (edema and modor 
ate hvpoalbummenim) 

F S (BIH 6j073), 29 year old 

4 3 

1 4 

340 400 

4-I- 


white man, studied m March, 
1056 Diagnosis subacute 

glomerulonephritis 

H L (Bin M 87292) 66 year 

4 6 

1 3 

1 100 1 630 

4+ 

+ 

old white woman, studied in 
Tunc 1957 Diagnosis ne 
phrotic syoidrome of undeter 
mined etiology 

M K (BIH M 83228), oOiear 

4 3 

21 

520 

4+ 


old white woman studied in 
Juno, 1957 Diagnosis ne 
phrotic s^ndrome of undeter 
mined etiologa 







•Doubly retractile bodies 


All counting was done with samples in test tubes placed m a well tape sodium iodide 
erjstal scintillation counter giving approximately lO'* counts per minute per microcune of 

1131 

Albumin in the urine and serum it the beginning, mi Idle and end of the stud} was 
determined immunochemicalh using rabbit antiseiuin* and spectrophotometnc analjsis of the 
precipitates s 


BFSULTS 

Plasma Disappeai ance of Labeled Albumin —-The plasma disappeai aiice 
em\es are shown in Tig 1 The iiitei pi elation of such ciiiies has lecencd 
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considerable attention/’’" The initial rapid decline over the first few days 
represents exchange of the injected P®' albumin with available albumin in the 
body as well as loss via the kidneys and catabolism. The subsequent slower 
decline over the remaining days to weeks represents disappearance due to the 
latter two factors. The constant rate of the .slower decline on a semilogarith- 
mic plot indicates that a constant fi-action of the tracci’ remaining in tiie bodj' 
each day is lost as a result of two processes—catal)o]ism and excretion in the 
urine. Assuming the tracer behaves identically to endogenous albumin, then 
a similar constant fraction of the endogenous exchangeable pool is catabolized 
and lost via the kidneys each day. 



Fig. 1.—Plasma disappearance curves. 


The results of graphic analysis of the plasma disappearance curves to 
determine the rates of disappearance of the tracer for these patients are shown 
in Table II. The normal range of turnover half-life for I’”-labeled albumin 
in adults is 10 to 17 days, corresponding to a turnover rate of 4 to 7 ])cr cent 
of the body pool per day.”'® Since in the normal individual urinary loss is 
negligible, these figmres represent rates of catabolism. 

For Patients R. T. and J. C., who were edema-free, and II. G., with a trace 
of edema, these curves approach normal. The zero time intercept represents 
the fraction of the administered tracer that would have been present in the 
plasma had the tracer as.sumed its final volume of distribution initially. For 
these 3 patients, the intercepts are 0.42, 0.43, and 0.44; that is, the plasma I’”” 
albumin would have been 42 to 44 per cent of the total 1’=' albumin if equilib¬ 
rium had been obtained initially. This is in excellent agreement with the value 
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obtained bj othcis of 0 45 as the fi.iction of the total exchangeable albuinm 
pool that js in the plasma ® 


TAOn ir Il31 AIBUMIS Tl INOMI 1>\TV FpOil PL-VSMA DiS\PPE.\R.\NCE CuP^ES 


rVTIFNT j 

ZEPO TIME 
INTEPCFCT 

HVLFLIFE (CVTVBOLISSI 
PILS IRI\AP\ LOSS) 
\P\\S) 

R.\TE OF CVTVBOLISM 

TLLS LPIN\P\ LOSS* 

(l EF CENT PER DV\ ) 

Group -I latent Nephrosis 

1 R T 0 43 

7a 

Oo 

J r C 

0 44 

no 

11 3 

3 H G 

0 42 

to 5 

6 G 

Group B OiCii 
1 F S 

^ ephro^t^ 

0 as 

30 

23 0 

2 H L 

0 30 

3a 

210 

3 Ar K 

0 3S 

50 

13 a 

Normal'’ » 

0 43 

10 to 37 

4 to per rTit 



(Catabolnni) 


•Rate (per cent per (31^ ) = X 


In eoiitiast to these patients, the moio lapid disappeaianec of the P®’ 
labeled albumin from the plasma in the inoie se\ ei eh ncphiotic patients {P S, 
II h and M K ) is CMdent m Fig 1 Since the disappeaianec ciine lepro 
sent** the eomhined loss fiom albumimuia and catabolism it is not possible to 
detciminc then separate contnhutions from the ])lasma cui\es alone The 
zeio time inteicepts of 0 30 and 0 38 in these nepliiotic jiatients are much 
lo\\ci than the normal estimate of 0 45 as the fi action of the total albumin in 
the plasma, suggesting in nephrosis a highei than noimnl e\tia\asculni intia 
^ascula^ latio of albumin An cxccssne amount of e\tra\aseiilar albumin in 
nephiosis is unhkeh since neplnotic edema fluid contains so little albumin® 
The o\ei estimation of oNtia\asculai albuniin m nephrosis has been asenbed to 
the fact that the specific acti\it\ of the albumin becomes highei in the 
edema fluid than m the plasma This is piesumabh due to the slon ictuin of 
the tiacei to the circulation fiom edematous poitions of the bodv In Patient 
jM K seiial sampling of the edema fluid from the legs le^ ealed that the specific 
actiMt’v of the edema fluid ■\ias tmee the plasma specific actnit^ after 5 da’vs 

In edematous patients, theicfoie, the zeio time inteicept repiesents the 
final volume of distiibution of the tiacei and not of the endogenous albumin 
Undci those eiicumstances the plasma disappeaianec cui\e5 cannot be rcliabh 
used to calculate fi actional lafes of catabolism and uiinai} loss oi to estimate 
the iclatiee amounts of endogenous allnimin in the "vasculai ami eNtla^ asculai 
compaitments 

On the othei hand, the unmij data pioMdo a moie reliable method of 
calculation foi the lates of albumimuia, catabolism, and sjnthesis of albumin 
since the fiaction of the amount of albumin sjnthesi/ed pei da^v uhich is lost 
in the unne is the same as the fiaction of the adnunisteied tiacer dose of 
P” labeled albumin cumulatneh ieco\eied as T“Mabeled albumin m the 
mine ® With patients in a steady state in lelation to albumin metabolism the 
late of albumin sjnthesis should equal the rate of albuminuria plus the rate of 
catabolism 
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The rates of albuminuria, catabolism, and synthesis of albumin as calcu¬ 
lated from the equations^ are shown in Table III. Au, the quantity of albumin 
in the urine per day, was determined immunologically at the beginning, middle, 
and end of the study, and these values were averaged. Fp', the fraction of the 
injected activity appearing in the urine as albumin, was obtained by 
subtracting the measured, cujnulative nonprotein P'” activity from the total 
iirinary 1^=*^ activity recovered as fractions of the administered dose. It is 
necessary to calculate cumulative recoveries since the daily clearance of non¬ 
protein I^=“ iodide may be delayed with rapid degradation of I”’-labeled albu¬ 
min, especially in the presence of renal disease. 


T.vble III. Eate.s of Urinary Loss, CATABOLls^t, and Synthesis of Albujiin* 


PATIENT 

URINARY BOSS (A„) 
(GM. PER DAY) 

Fr' 

SYNTHESIS (A„) 
(GM. PER DAY) 

CATABOUSM (Ac) 
(GM. PER DAY) 

Group A. Latent Xephrosis 




1. E. T. 

4.1 

0.27 

15.2 

11.1 

2. J. 0. 

7.1 

0.40 

17.8 

10.7 

3. H. G. 

4.55 

0.23 

19.7 

15.3 

Group II. Overt Nephrosis 




1. F. S. 

]3.3 

0.48 

28.1 

14.6 

2. n. L. 

5.8 

0.60 

8.9 

3.1 

3. M. K. 

6.0 

0.55 

12.1 

5.5 


•As r= and Ac — A. - Au. 

The absolute amounts of albumin synthesized, catabolized, or lost in the 
urine dailj^ as shown in Table III are variable and not well correlated with the 
clinical state of the patient. In order to compare these various rates of albu¬ 
min metabolism among the patients one must take into account the marked 
differences in the total amount of albumin in the body. To determine the 
fractional rates of catabolism and urinaiy loss, that is, the fractions of the 
albumin in the body catabolized and lost in the urine daily, requires an estimate 
of the size of the total body pool of albumin. The total pool of albumin has 
been estimated using the expression: 

plasma pool 

total albumin pool = --> 

the relationship in nonedematous individuals. The plasma pool is the plasma 
volume obtained by isotope dilution multiplied by the plasma albumin eoneen- 
ti'ation. The fractional rate of catabolism or urinary loss is the absolute rate 
of catabolism or urinary loss dmded by the estimated total albumin pool. 
These data are shown in Table IV. 

Prom Table IV it is apparent that in only one patient, P. S., is there a 
marked increase in the fractional rate of catabolism of albumin. In the other 
patients, both with latent and overt nephrosis, the fractional rates of catabo¬ 
lism are within normal limits. 

In the other edematous nephrotic patients, H. L., and M. K., the increased 
fractional rate of urinary loss appears to account for their severe albumin 





\ ofume 5i 
Number 2 


ALBU^^^' ^fETAnOLISAf IX XEPirROTIC \DULTS 


191 


defieiencj IIo^\e\ei, fiom Table IV it ivould appeal that the absolute lates 
of sjnthesis of albumin, S 0 and 121 Gm per daj for Patients H L and 31 K , 
lespeetneh, aiefai belou the \alue of 281 Gm pei da\ foi Patient F S ^\ith 
a compaialilc degiee of albumin dcficieiicj In Patients 11 h and 31 K.theie 
fore, impaned albumin nthesis nla^ be a fontubiiting factor to then albumin 
deficiency 


Tvbie r\’ Estimated Totvl Albumin Pool vnd Fb.vctjonal K^tes of Catvbolism \nd 
U ri\\r> Loss op \LBUMrN 


PVTIENT 

PMSMA 

lOLUME 

(LITEPS) 


PL ISM V 
POOL 
(CM ) 

TOTM 
POOL 
(CM) 1 

FfLVCTlONAL RATE 
OF C^TVBOLlSit 
(fp^ction pep 
D\r) 1 

FRACTION VL BATE 
OP L'RI\AP\ LOSS 

(fPlAction pep 
DV'V ) 

Group J 

1 R T 

Intent I^ephrosts 

2 32 3 63 

851 

189 

0 059 

0 022 

2 J C 

3 01 

3 32 


OOO 

0 048 


1 II G 

2 03 

3 40 


ooo 


0 020 

Group S 

1 F S 

Oierl A ephrosts 

2 84 145 

41 2 

915 

0 160 

0 148 

2 H L 

2 9S 

J 00 

32 5 

72 4 


0 081 

3 M K 

2 21 

2 00 

44 2 

981 

0 056 

0 067 

yrarniTl 

30 

40 

120 

267 

0 04 to 0 07 



These data indicate that the adult patients nith latent nephiosis do not 
ha\ e a metabolic abnormalit\ of albumin metabolism in that the fractional late 
of catabolism is normal and the amount of albumin synthesized daily is suffi 
cient to eompetisatQ for the unnaiy loss inth little, if any’, reduction in the 
total pool of albumin In contiast, one of the patients T\nth recent overt no 
phrosis and mild edema during the study has a maiKcdl\ increased fractional 
late of catabolism contiibuting as much to the inci cased albumin tu^no^er and 
albumin deficlenc^ as the massne urinarv loss In the other tno patients nith 
oieit nephiosis, the fiactional rate of catabolism is noimal and urinaiy loss is 
consuleiable, albumin syiithesis in these patients appeals insufficient to o^e^comc 
the urinary' loss, resulting in a marked reduction in the total body pool of 
albumin 

DISCUSSION 

Since this stud> in\ohes assumptions concerning the \alidit'\ of labeled 
albumin as a tracei for endogenous albumin, some data bearing on this prob 
lem vnll be rcMe^^ed TurnoNci studies in human beings ha\c been repoited® 
using albumin labeled -with C*^ and and the rates of degiadation of 
albumin ha\e not always agieed by these methods The and labels 
intioduce the problem of remcorpoiation of the degraded actnity whereas 
degraded fiom albumm appears entirely as nonpiotem iodide m the urine 
when thyroid uptake is blocked A crucial factor in determining the turnoi er 
of labeled albumin is the degree of lodination Excessu e lodination, abo^ e 
a few atoms of iodine per molecule of albumin, leads to a more rapid degra 
dation ^ Denaturation resultmg in an increased rate of degradation may oecui 
from self-radiation 
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Despite these problems, if the same or similar preparations of I'^'^-labeled 
albumin as were used rvere eatabolized somendiat faster tha?! endogenous 
albumi?!, there still irould be a fixed relation between I^-^-labeled and endoge¬ 
nous albumin metabolism. The differences found among the patients in this 
study would remain real, although the quantitative estimates of the rmrious 
rates of metabolism might be in error. 

The patients were assumed to be in a steady state as I’egards albumin 
metabolism so that the rate of albumin synthesis would remain equal to the 
rate of catabolism plus urinary loss throughout the study period. The criteria 
upon which this assumption is based rvere the negligible (less than 10 per cent) 
changes in serum albumin concentrations, urinary albumin, and body weight 
and an unchanged clinical status during the study. 

Trapping of I'“-labeled albumin may lead to a higher specific activitj^ of 
albumin in edema fluid compared to plasma. The extrapolated value for the 
ratio of plasma albumin to total exchangeable albumin from the plasma die- 
aAvay curve ■would be too low' under those circumstances. For the calculation 
of fractional rates in the patients with overt nephrosis the value of 0.45 as the 
ratio of plasma albumin to total albumin found in normal individuals was used 
instead of the observed lower values of 0.30 to 0.38. Even if the lowest valiic 
of 0.30 were used for Patient P. S., his total albumin pool would be increased 
from 91.5 to 137 Gm. and the fractional rate of catabolism would drop from 
0.16 to 0.11. This wmuld still I’cprcsent a markedly accelerated fractional rate 
of catabolism compared to the normal range of 0.04 to 0.07. 

The problem of unequal specific activities in edematous patients receiving 
I”^-labeled albumin has been reviewed by Kushner and associates^'* w'ho found 
a threefold higher specific activity of edema fluid albumin compared to plasma 
in a patient with nutritional anasarca. Equal specific activities -^vere found in 
2 other edematous patients, 1 with nephrosis. In the one patient whose edema 
fluid -svas sampled in this stirdy (Patient 51. K.), the specific activity of the 
edema fluid albumin was twice that of the plasma after 5 days. One of the 
factors that may account for the discrepancy in specific activities among 
investigators is the method used for the determination of albumin when pres¬ 
ent in small quantities. Hyi:)oproteinemie edema fluid of the type seen in 
nephrosis may have albumin concentrations as low as 10 mg. per cent. This 
amount can be accurately determined by the immunologic method using rabbit 
antiserum but concentration teehniqrres and electrophoresis may lead to an 
overestimation of the albumin content and hence a lower specific activity. 

In contrast to the findings in a studj' of children with the nephrotic sjm- 
drome,^ in whom excessive catabolism was uniformly foiind with severe albu¬ 
min depletion and anasarca, only 1 of the 3 adult nephrotic patients with fairly 
severe hypoalbuminemia had an excessive fractional rate of catabolism. Hoav- 
ever, these adult patients shorved neither as much edema nor as severe albumin 
deficiency as the children classified as severe cases Avith marked anasarca and 
serum albumin levels of 0.5 Gm. per 100 ml. or less, in Avhom catabolism and 
urinary loss of albumin Avere both excessive. The adults Avith overt nephrosis 



NmWrV AI^BUillN MIlABOLfftM IN M F‘III{01IC VDULIS ;l^93 

III this sUiil> ^le moie ooiinini.il)l( Uinu il!\ to the cliildien (m Gioup li) 
nith modonfc albumin depiction and sonic odema, m ^\ho ^1 exctssne citaliolism 
ms not iinifoiml} oliscnod It is jntoiosting that the adult patient in this 
stiuh uitli the iJKionscd iiactional latc of (atiliolism of albumin ms much 
\ouugei than (he othoi 2 o\eith luphiotic patients uith noimal fi ictional 
lates of cataliolism Jn the studj oi childieii ^\ith ncphiosis, allmmin sjn 
thesis \\as always in the liigh noimal range, in contiast, among these adults 
impaiied synthesis of albumin ina> line boon piesent in the 2 oldest uith 
o^(lt nephiosis In these patients, II h and IC (G6 and 50 years old 
uspectneh), the usual Iner function tests Mere noimal M K leeenedMeti- 
coiton duung the studj , ho\ve\er, it is iinlikch that sttioid theiapj signifi 
cantl^ influenced the icsults since the patient shoued no clinical change and 
I(\els of albumin in the scrum and mine ueie the same liefoie, diuing, and 
aftc) steioid Ihciap'v 

In an oailicr stud\ of I‘®‘ labeled albumin in nepliiotic adults Blahd and 
CO ivoikeis*® intcipioted the lesults as indicating no almoiniahtj of catabolism 
'Jheii methods and calculations wore not compaiable to the present stud>, and 
it IS not clem hoy ntes of albumin synthesis and catabolism could be detci 
mined from a inotaliolic nitrogen balance <a!id plasma P” albumin dieayay 
jilots alone 

The mechanism of e\cessi\c catabolism of nllunnin in the nejihrotic sjn 
diome, when present, is not known Abnoimal catabolism is independent of 
the total amount of albumin in the bod>, since the fi action of the albumin pool 
catnboli7cd by Patients M K and IT h was normal, act foi Patient P S 
with a compaiable total pool the fiaction catabohzed was far abo\e normal 
The kiclnej has been implicated ns a possible site of the noimal degiadotion 
of pioteins^® The lolc of the kidne'\ in the c\cessi\e catabolism of albumin 
found in some nepbiotic patients has not jet been established 

SUMAl VRi 

1 1“^ labeled albumin turnoiei studies weie earned out in 3 adult patients 
with latent ncphiosis and 3 with o\crt nephtosis One of the 6 adults a 30 jear 
old man with Inpoalbumincinia and mild edema, showed a stiikmg incieasc m 
the fiactional rate of catabolism of albumin which contiibuted as much to the de 
jilctiou of the bodj pool of albumin as did the massne uiiuary loss In this 
patient the rate of albumin synthesis was inci cased 

2 Some impaiiment of albumin synthesis may ha^e been a contnbuting 
factor to the albumin deficiency in the 2 othei eases of OACit nephrosis in 
whom the rate of catabolism of albumin was normal These 2 patients weie 
50 and 66 yeais old, lespoctivcly 

3 Rates of allmmiii catabolism and svnthesisweie noimal in the 3 patients 
with latent nephiosis 

r \MsIi to thank Dr Hair\ Dcrow and Dr David OpponJieini of tJie Beth Israel IIo«:pitaI, 
Boston Mass, for permission to studj Patients H L and P &, and Dr A Stone Freedberg 
anti Dr Charles A Janeway for then ciitieol rcMew of the manusenpt I am most grateful 
also to Di David Githn for his continued suggestions and encouragement 
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CHANGES IN BODY COMPOSniOK DUlHNG THE COERSE OE 
ACUTE ANTERIOR POEIOJIITILITIS 
Alewnder P RFME^caIK, H D, Josephine M DY^IEC^^^cz, Ph C , vnd 
JaaiFS a SciIOFNBrRGER, iM D 
Chicago, III 

T he important lolc potassium plnjs m ^allOlIs physiologic processes has 
been documented in se\eral iccent rCAiews’hoN\e\er, relatuely feu 
studies of potassium metabolism during the coiiise of acute anteiioi poliomveli 
tis had been leported piior to the initiation of om iiuostigation, and the con 
elusions draun from the obscr\ed data were contradictory Eaile’ found no 
correlation betueen scrum potassium and scAerih of paialysis and the ad 
ministiation of potassium chloiidc to his paialy/ed patients did not appeal 
to improve muscle function In contrast, Lans and associates* icpoitcd that 
tho administration of potassium chloiidc to 3 patients suftenng fiom bulbai 
poliomyelitis uitli hypokalemn produced marked lmpro^ement in their elm 
ical condition Bouci and Ins colleagues® measured scrum potassium con 
centration and the e\ciction of potassium in the mine during the com sc of 
acute anterior poliomyelitis TIica found the e\eietion of potassium in the 
mine to be consistently incieased, uhile the senim potassium uas elcAated if 
the patients A\eie “delndiatcd” and/or oliguric, and normal or decioased if 
the patients ‘M\eie adequately hydiatcd ** They concluded an intracellulai 
deficit of potassium de\eloped duiing the course of acute anteiioi poliomyelitis 
and this deficit uas indicated h\ the picsciice of Inpokalemia, proAided the 
patient uas adequately Indiatcd and A\as not oliguiic In aicu of these con 
dieting conclusions y\c elected to stiuh scnallv the intracellular potassium 
content, as defined hr isotopic dilution techniques,” of patients suffering from 
acute anterior poliomyelitis 


AIFTHODS 

Subjects —The -15 “ulijtcts desenbed in this report «eio selocted from tho group of 
pntunts liospitilizcd in the Arunicipil Contagious Disease Hospital (JICDII) during the 193G 
j ohomyehtis epidemic m Chicago This patient population comprised approximate!} 75 per 
cent of the individuals who had a di ignosis of ucutc anterior poliomjelitis reported to the 
city health authorities during the epKlemic Tables I and II include pertinent clinical data 
Age was recorded to the nearest birtlnlaj Onset of illness was mtasured from the date of the 
initinl s\mptom recorded m the chart bA the examining pliysicion at MCDH Becau'^e evalua 
tioii of muscle strength is difficult during the acute lUno'^s, the Lovett method for evaluating 
paralysis was simplified for the purposes of this stud} in the following manner 3 plus, at 

From the Department of Medicine College of Medicine Unhersitj of Illinois Chicago III 
Aided by grants from the National Foundation for Infantile Paraljsis Committee on 
Research Council on Pharniac\ and Chemistry American Medical Association and the Na 
tional Heart Institute United States Public Health Service (H 1354) 

Rccci\ed for publication Ma> 9 1958 
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most, complete range of motion with gravity eliniinated; 2 plus, complete range of motion 
against gravity with minimal resistance; plus, complete range of motion against gravity with 
moderate resistance; minus, complete range of motion against gravity witli full resistance. 
Severity of illness was arbitrarily evaluated by giving one plus point for cacli of the fol¬ 
lowing factors: a day of fever, paralysis in each extremity for each extremity, paralysis of 
the trunk, paralysis of cranial nerves, catheterization of the bladder, tracheotomy, nasopharyn¬ 
geal suction, and each complication. IMethods of treatment have been previously described.v-' 
It was not possible to evaluate fluid or electrolyte balance during the course of the disease; 
however, in acutely ill patients the daily water and electrolyte intake was limited to 500 
ml. of 5 per cent dextrose in water, 100 ml. of isotonic sodium chloride, and 3.0 Gm. of 
potassium chloride. Sodium and potas.sium salts were not administered during the day.s of 
the study. Patients not in respirators were weighed' mule on a cart scale to an ncciiracy 
of ±0.1 Kg. It was not possible to perform .serial measurements on all of the patients ad¬ 
mitted to the study because the patients who did not develop complications wore discharged 
after the acute phase of their illness passed. The study was limited to adults and large, 
adolescents for the following reasons: (1) older patients are more likely to develop severe 
illness and, therefore, would be more apt to show changes in intracellular potassium con¬ 
tent, if anj' occur, and (2) the need for generous amounts of blood for analysis. All of 
the patients studied serially^ were critically ill and the m:i.iority of them required continu¬ 
ous care in a tank respirator. None of the subjects wcic pregnant. 

Procedure ,—Studies were initiated twice a week, usuall.v on Monday and Wednesday. 
Patients were incorporated into the investigation shortly after their admission to the hospital. 
Serial studies, when performed, were done at 7- to 10-day intervals. Approximately 200 pc 
of ICJ^ as potassium carbonate* was injected in a potassium and sodium chloride solution, in 
a quantitative manner previously deseribed’s between 9:30 and 10:30 A.M. of the first day. 
All urine subsequently voided was collected and the collection period closed just prior to the 
quantitative injection of radiosulfatet and antipyrine} between 7:30 and 8:30 A.M. of the 
following day. Urine was quantitatively collected 11/^, 3, 4%, and 6 hours after tho injection 
of radiosulfate and antipyrine for the determination of total exchangeable potassium and 
radiosulfate space. Blood samples were obtained 3, 4, 5, and 6 hours after injection of 
radiosulfate and antipyrine for tho determination of ladiosulfate and antipyrine spaces. Tho 
methods for determination of radiosulfate space and antipyrine space liave been reported.^ 
In an appreciable number of patients, extrapolation of the radiosulfate counts excreted in the 
urine to zero time gave a number larger than the actual counts injected. When this occurred 
actual counts injected were used to compute the radiosulfate space. Serum and urine samples 
were frozen and stored until analyses of antipyrine and assay of sulfate radioactivity were 
to be done. 

Total exchangeable potassium was computed by' tho following formula: 

counts Iv>= injected - counts K*= excreted in urine 
specific activity of urine sample 

Kadioactivity of K-'c was assa.ved in duplicate in a well-type scinlillatioa counter to a 
counting error less than 1 per cent. Badiosulfate activity was not detected by the scin¬ 
tillation counter. Quadruplicate assay of standards of K>= and of radiosulfate was done 
in alJ cases. Standards were prepared by diluting the same volume (5 ml.) injected into 
patients to produce a counting rate approximating that observed in the urine of the sub¬ 
jects. Potassium was measured by a flame photometer. The mean K^ was determined by- 
averaging tlie K.. obtained from the 4 urine samples. The coefficient of variation for tlie 69 
determinations of total exchangeable potassium was G = 1.86 ± 1.53 per cent. The coofficieut 

•Prepared by irradiation in the reactor at the Argonne National Laboratories, Lemont. 
lil. on allocation from the .VEC. 

tObtained from Abbott Laboratories. North Chicago, III., by license from the ABC. 

tCenerously supplied by Dr. B. L. Martz. Eli Lilly & Company, Indianapolis, Ind. 
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of ^ in ition of tin 2-JJ duplu it« (Iuiuk i) <hurmiii itions of mtiinnm \\ i«! C = 0 473 ± 0 oU 
I*r irnt In lb ‘■implo*«, «uffi<Knt 'Jprnm « i<s not u-ii! iltlo for iluplicite nml\si<5 for niitip^ 
ruic Till fnllowinfr ^'TnboI<? anfl ition«5 Into 1 con ompln\prl 

(K), = Serum pot'i'***ium lonteiitritioti 

Ke = Tot il cxchiugeablt potn^iMiim 

TBY\ = Tot'll l)oil\ water (nitip^ rine ••pace) 

FCF =r Extracellular fluid \olunie (radiosulf ite ‘'pare) 

icr = Intncolluhr fluid volume = TBW - FCF 

I BM r= Lean bod\ ma‘is = TBW /O 73 

II Mt = Bod^ weight 

Libu = Potn<5<!ium content of loan bodi ina«‘» = K,/! BM 

FCFJv 5= ExtritelluHr content of j ota«<«jmni = FCF x (Tv), 

ICFIv s= Intracellular content of pota'««ium = Iv, - ECFIC 

K,cr = Intracellular water concentration of potassium = ICFIv/ICF 

K,/B YV’t = Total exchangeable potassium per kilogram of bodv weight 
fi = Mean (bar oxer xanable denotes menu) 

9 = Standard deviation using Ix 1 

M = Male 

F ss Female 

"Ma = Initial studies of all males 

Fa = Initial studies of all females 

Is and Ms = Serial studies where N denotes the number of the studv 
C = CoefRcient of variation 

r = Coefticient of correlation 

t ss time 

RE<5ULTS 

The meflsuied end dented data foi males nie presented in Table I and 
foi females in Table II A sunimarx of the means ± 1 standaid detiation of 
elected measuicd and dented tariables is picsentcd in Table III 

Clinical Data —Theie ttere no significant difteienccs (P > 0 05) between 
the male and female patients with respect to age, tlie time aftei onset of tlie 
disease the studies xNeie done, and the scxeiitx of illness The diffeiences in 
distuhution hv laee within each sex weie not significant In tlio x' test 
(P > 0 05) 

Serum Potassium —[K], was within noimnl limits foi all gioups Tliero 
weic no significant difteionces (P > 0 05) between [lv]„ of conesponding sub 
gioups of males and females There "were no significant diffciences (P > 0 05) 
between [K]s of each ot the subgroups of males compaied to each otiioi oi ot 
each of the suhgioups of females compared to each other In addition theie was 
no significant (P > 005) coiiclation between {K]g and Kuw oi IClpii 

Total ExchangeaWc Potassium —^Fig 1 shows the legiession of Ke on LBM 
for all of the initial studies of the males and females, lespectneh Statistical 
anahsis of the slope of each line indicates theie is a significant legression 
(P < 0 001) of Ke on LBAI Statistical anahsis of the inteicept of each line 
indicates that the inteicept does not significantly (P > 0 05) differ from zeio 
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Ke decreased dining the eoinse of the illness, hoMC\er, the dccieasc was not 
significant (P > 0 05) The line of regiessiou of Kp on LBJI was deined for 
each seiial &tud\ of males and females Statistical analysis of each line in 
dicated that there was a significant icgicsston (P < 0 05) of Kp on LBM for 
each line and the intercept of each line did not diftci significantlj fiom zero 
(P > 005) 

LBU Conteni of Pofassum (Fig 2) —The initial IClrm foi all males was 
G6 5 mEq /ICg and foi all females 53 4 mCq /Kg The diffeicnce is significant 
(P < 0 001) The difference between males and females is significant foi the 
initial sciial studies (P < 0 025) The males showed a significant decrease in 
Klrm dining the eoinse of the illness as indicated m Table IV A significant 
decrease (P < 0 05) in Kluxi of females was picsent only between the initial 
stlld^ of all of the female patients and the thud seiial study of the female 
patients 5711011 the subjects were classified bj race tlie pattern was the same, 
howeici, the differences between males and females wcic significant only foi 
the white subjects (P < 0 001) 


Tabif IV ProB_j^iLiT\ Values Obtained b\ CoMPArmo I£lbu of Males and 
Klbu of E\CH SUBCrOUP OF Maies 


SUBJECTS COMPAPED | 

p 


>0 05 


< 0 001 


< 0 005 


< 0 005 


<0 01 


>0 05 


Inti acellular Watcj Potassium Concentration —Tlie initial Kicr for all males 
was 145 mEq /L and for all females 118 mEq /L This difference is significant 
(P < 0 01) A significant difference (P < 0 05) was also demonstrated between 
the Kicf of males and of females in the first sernl stud's Other differences 
are not significant (P > 0 05) During the course of the illness Kicf for males 
decreased, however, the decrease was not significant statisticalh (P > 0 05) 
Theie was little change in Kicf for females during the couise of the illness 

Exchangeable Potassium Pei Kilogram of Body Weight —The initial 
Ke/B 5Vt for males was 46 6 mEq/Kg and foi females 34 2 mEq/Kg The 
diifeience is significant (P < 0.001) Ke/B 5Vt could be computed for a few 
patients studied seriallj and decreased during the course of the illness The 
difference between males and females in the repeat studies is significant 
(P < 005) 

Body Watci —Between the initial and second studj TBW increased 9 1 per 
cent m males and deci eased 4 4 pei cent in females This difference is significant 
(P < 0 05) By the third serial studj TEW had deeieased below the initial 
value in males and there was an additional decrease in the females There is 
no significant diffeience in the distribution of water between the extracellular 








mEq / kg. 
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Fi|f. 1.—Kejyre^bion of total exchangeable potassium upon lean body mass. 
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and mtiacellulai natei conipaitiiieiifs ulien the mem lalues for eoiiospond 
mg sul)gioups o£ males and females aie comp.ucd (P > 0 05) Diiiing the 
toiubo ot tlie illness theie is a chfinge in the distiibntion of natei, JICP is in 
eicased and IGF is decicascd, this change is significant in males (P < 0 005) 
and lemales (P < 0 05) 

Single Seiial Study (Fig 3)—One ot the male patients (postpnbertal) 
studied seinllj had consideiable iceoierj of muscle function and uas able to 
leave the icspiiatoi It is of interest to note that his elinical coiiiso was associ 
ated with lijpokalcmia, decreased Kunv, and a decicascd Klbh All of these 
incieascd towaid values found in elinicallj health} subjects (see Discussion), 
with clinical impiovemcnt Tlie changes in bodj vvatci distiibutioii wcie ehai 
acteiistio of those observed foi the gioup as a whole ICj dccieased duiiiig the 
illness and increased with lecovcij 



DISCUSSION 

"We hav e elected to emplo} the lean bod} mass model of Belinke'" as modi 
tied by Pace and his co vvoikers*® foi reasons that will be evident latci in the 
discussion Keys and Brozeh*® have two eiiticisms of the lean bodj mass 
model (1) the inclusion of the indefinite concept of essential lipids into the 
model and (2) the belief that the composition of the lean bod} mass model is 
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not independent of the total fat content of the hody. Ilowever, the concept 
of essential lipids does not affect onr Lise of the LBM model and their belief 
that body fat significantly affects the composition of the lean bod 3 ' mass is 
based on computational errors. The.y give correlation coefficients on page 282 
of reference 19, computed from the data of Pace and his colleagues’”’^® which, 
thej^ state, show a signifieant correlation between total hodj’’ fat and per¬ 
centage of water in the fat-free hodj’. Our own computations from these data 
give Tm = 0.3082 and r^ = 0.3575; these correlation coefficients are not sig¬ 
nificant. Since the intercept of each of the regression lines does not differ signifi¬ 
cant! from zero, we can replace the line defined hj' the equation Ke = h (LBIM) 
+ constant, bj'' the line Ke = b (LBM), compute b for each group and 
compare the results. Eiddence supporting this extrapolation of the regression 
lines null be cited later in the discussion. Granting the previous assumptions, 
it is evident that we have demonstrated a signifieant difference in potassium 
metabolism between males and females during the course of aeute anterior 
poliomj'^elitis. In females there is little change in Kjcw and a significant 
(when P3 is compared to Fa) decrease in Klbm during the course of the illness. 
In males, Kicw and Klbm decrease during the course of the illness; however, the 
decrease is significant only for Klbm- By the third serial studj^, Klbm and 
Kicw are not significantl.v different for males and females. The changes for Kicw 
are presumably not as clear-cut as for Klbji because of the larger experimental 
error introduced into the calculation of Kicw in accordance with the laiv of the 
propagation of crroi’s. That these differences are not secondaiy to changes in 
(1) extracellular content or concentration of potassium is suggested by the lack 
of any significant correlation of BCPK or [K]„ with Kicw or Klbm, or (2) 
water metabolism is suggested bj' the occurrence in males and females of iden¬ 
tical changes in the distribution of water despite the fact that TBW increased 
in males and decreased in females between the first and second serial studies, 
and the difference between the per cent change in TBAV of males and females 
was significant. The validity of this interpretation of our data depends upon 
the validity of the proposition that there is no difference between males and 
females in the chemical composition of bodj^ tissue, at least with respect to 
potassium content. We have not been able to studj"- clinically healthy sub¬ 
jects to evaluate this point. Other evidence to evaluate the proposition is 
meager but is available and is derived from the following sources: (1) anah’-sis 
of whole adult cadavers, (2) analysis of tissue samples, (3) isotopic dilution 
studies, and (4) measurement of K’“ content of human beings. 

Analysis of Whole Adult Cadavers .—The reported data and their source 
are presented in Table If we discard the 48-j''ear-old man who was 

wasted and edematous and if, in addition, we assume that the fat-free bodj' 
model and the lean bodj^ mass model are identical, we find nothing here to con¬ 
tradict our hypothesis. If the higher Klbm of the female analyzed does not 
represent a sampling error and the Klbm of females is greater than the Klbm 
of males, then our hypothesis is further reinforced ly these data, since the 
changes we have found are in the opposite direction. 
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TvniE Y Bonvi Content of Potassium Obtained b\ Diffct Analysis of Cvdwers 


PFFERENCE 1 

SEX j 

1 

ACF 1 

K (rnEq/NQ ) 

FVT FFEB BASIS 

Shohl Mineral Yletabohsm, 
1939, Eemhold Publishing 
Corporation 

Adult 

(Patient 19, 
Table III) 


66 8 


Adult 

(Patient 20, 
Table V) 


6S 

VViddow’on and a««ociatcs 

U 

25 

711 

cun Sc 30 113, 1951 

P 

42 

72 6 



4S 

33 5 

Forbes and Leu is 

vr 

40 

66 5 

J CUn Invest G 

Snu, 1956 

M 

60 

66 6 


Analysis of Body Tissue —A iccent comprehensive levievv"’^ of the vvatci 
and elcctiolvte content of various bodv tissues docs not consider possible sc\ 
diffei cnees m the chemical composition of tissues A compilation of biologic 
data"* does not subelassifj the data, pei taming to chemical composition of bodj 
tissues, bv sex Investigators with extensive expeiiencc in the anahsis of 
muscle*’® and nervous tissue’*^ have never demonstiated anv sex diffeienccs in 
tJie elcctiolvte content of those tissues Othci workeis fail to designate tlie sex 
of contiol subjects in tlieii published work"^®® and combine males and females 
m the statistical analvsis of data ‘When the sex is given, a significant dif 
ference in the potassium content of lirci"^ and muscle®* cannot bo demon 
stiatcd The situation is not quite so clcai cut foi blood Sex differences m 
serum clectioljto concentration have not been demonstiated®® AVhile some 
woikers have demonstrated a sigmficantlj higlici led cell content of potas 
Slum in women,®® other investigators using bettei sampling techniques have not 
been able to confiim that a diftctence exists*® la simimarj, most workeis have 
assumed sex difteienccs do not exist or have not been able to demonstrate any 
sex difference in the potassium content of liver, biain, skeletal muscle, and 
blood 

Isotopic Di/iition Shidtes -—Tabic VI summaiizes isotopic dilution data 
published bv other workeis” foi clmicallv healthy and hospital contiol adults 

K^/B 117 • Tlie wide spiead of the data leported for adults for each sex 
mav he due to one oi all of the following factois (1) sampling errors, (2) 
differences in expeiimental technique, oi (3) tiue differences m bodv com 
position 01 potassium metabolism of individuals from different geographical 
regions Most autliors attnbute the diffeience between sexes to a diffeience in 
tiie content of bodv fat 

Klbh' The lean bodj mass model and the fat fiee bodj model can be eon 
sideied to be identical for the piuposes of om discussion foi the incoipoiation 
of the concept of essential hpids into tlie LBJI model*® does not change 
tlie sense of oui analvsis Except foi the data of Ikkos,**^ the data of 
difteient invcstigatois aie m good agieement foi Klbm of men The signifi 
cantlv lovvei Klpm for women in these studies is surprising m view of the 
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fact tliat in onr studies Klbm was experimental]}' identical in males and fe¬ 
males by the third serial study. In the study of MuldoATOey and his co-work¬ 
ers^- this difference could be due to the difference in age of the male and female 
subjects, for age variations in muscle electrolyte composition have been de- 
sei’ibed.^^ Corsa and eo-Avorkers" liaA'c stated IV" exchanges with 05 per 
cent of the body potassium. A limited number of measurements of IV~ and 

m the same subject by Rundo and Sagild'*® has indicated = 85 per 

cent. If Ave apply this ratio to the available data for Ki.bji for males Ave find, 
with the exception of the results of Ikkos,''^ the corrected Kusm data to be in 
fairlj' good agreement Avith the results obtained fi’om the direct analysis of 
cadaA'ers. For females the data of Ikkos are of the right order of magnitude 
Avhile hluldoAA'ney's data are Ioav. As mentioned lAreviously Ave cannot explain 
these discrepancies at the present time. 

Experimental suppoi't for the extrapolation of the regression line tOAvard 
the origin is available in Table VI. The data for infants indicate a Klbji some- 
AA’hat loAver than that found for adults. IIoAA’ever, this is probably due to the 
appreciably larger extracellular fluid volume found in infants.®^ Correction 
of the Klbje data for infants for this enlarged ECP briijgs their values into the 
adult range. 

Jf/cr' The variation in Kicaa' for each sex can be accounted for in part by 
the use of substances, for the measurement of body fluid compartments, Avith 
noncongiment volumes of distribution. HoAvever, the sex difference in Ikkos’ 
data is significant (P< 0.05) and is as surprising as his Klbji data, for there 
Avas no significant (P > 0.05) difference in Kicaa- betAA-een our male and female 
subjects by the third serial study. 

IP° Content of Humans .—A number of AA'oz’kers^®’ have been interested 

in the K'“’ content of humans. Burch and Spiers®" have summarized much of 
the data: for males, 30 mBq./Kg. < K'VB. IVt. < 55 mEq./ICg.; for females, 
30 mEq./Kg. < K'“’/B. Wt. < 51 niEq./Kg. On the basis of fat-free Aveight 
the potassium content of the body appears to be independent of gross Aveight, 
age, and sex and is estimated to be 71.6 mEq./Kg. of fat-free AA-eight."®' This 
A'alue is probabl}' the most reliable estimate of the fat-free body content of 
potassium, for the studies have been limited to clinically healthy indiA'iduals. 

TO= 

In addition, it Avould indicate a ratio for in the neighborhood of the 85 

per cent indicated by Riuido and Sagild,®® and somcAA-hat loAver than the 95 per 
cent suggested by Corsa and associates.®’- 

In conclusion, Ave AA'ould interpret the aA'ailable eA'idenco as indicating an 
identical body content and tissue concentration of potassium in clinically 
healthy males and females. One may question the validity of an estimation of 
the composition of tissue of clinically healthy subjects obtained by extrapolation 
from the data of our third serial studj'. HoAA'eA'er, in an experimental model 
similar in many respects to our clinical situation, Eichelberger®= has shoAA-n that 
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111 inusclc tlic intiaccllulai concciitiation of potassium docs not cliange and the 
(\tiacelln]ai fluid \oluniG mcieases aftri dciioi\ation Unfoitunatoh slic did 
not stud^ tlio d\ naniics ot tlic change 

Oui obscnation ot an incieasc ni Kihm and in males can he used to 
explain the intciestmg icsults of IIoA\aid‘’ and "Whedon and Slioii*’ of 
potassium losses considciahlj less than the thcoictieal losses expected dining 
balance studies Oui failuie to obsene anj significant coiiclation between 
IK], and , KmM, oi Kici\ fonfiims the obscnations of otlieis' , howeiei 
we did not measme seium pH or pCO>. as lia\c otlicrsOur failuie to do 
so nun lia\e piecluded the obscnalion of am iclationslnp betMOcn [Kjs and 
pH, pCOa, Kluji, 01 Kicw Othei studies of ouis indicate a relationship 
bctMien LB^l and [K], and because of the lincai iclationslnp lotwpen and 
LEAF suggest a iclationslnp between ICinv and |K],' ’ 

Tlic watci metabolism of the patients studied seiiallj is of inteicst Kigid 
fluid and sodium lestiiction was enfoiccd foi tlicse patients despite the fact 
that thej weic acutob ill with high hodj- icmperatiuos, had continuous naso 
pliaiMigcal suction, and were encased in tank rospnatois—conditions which 
piesumabh contiilnitod to the induction of maximal fluid losses Clinical 
studies’^ of patients dm mg piCMous epidemics suggest tliat the presence 
of jnilmonan edema at post moitem was associated witli the coincntional 
legimen of 3 L of water and 8 5 Gm of NaCI admmistcied dailj Tlie demon 
stiation of an actual incicasc in the TBW in the males and the small doeiease 
in TBW in the females between the fiist and second studies despite tie iigid 
fluid icstiiction pioiidos experimental suiipoit foi the pieiious clinical con 
elusions Unfoitunatcl), the physical conditions of tlic epidemic precluded 
clear cut documentation of this point in fcinis of fluid bnlniice Howcioi, the 
laige quantities of water that can be pioduccd b.\ catabolism of bodi tissues 
has been documented in otliei conditions*^ The changes in watei distiibu 
tion aic identical to tliose that ha\e been dcsciibcd in undcinutntioii ” This 
suggests that tliese changes m water distribution ma\ bo one facet of a general 
biologic icsponse to sticss Tlie use of the LBi\I model assumes tliat the ratio 
coll mass 

^ ^ , —z --— remains constant It is evident tliat this was not so in our 

total bodj watei 

studies Tiie application of anj coricction factor to take this into account 
would accent the diffeidices in Kr.rM aud Kicw» m view of the fact that initialh 
the TBAV foi males mcieased while the TBAV foi females decicased 

There remains for discussion the biologic intcipretation of oui obsenations 
Analysis of the epidemiologic and clinical data indicates that voiing men aie 
less susceptible to infection w ith poliomv clitis v ii us, liav c a higher incidence of 
complications and liave a higher mortalitv than nonpregnant vouiig women 
Tlie simplest assumption to account foi these dilfei dices is to relate them to the 
diffeienf sfeioid hoimones present in the internal environment of males and 
females Suppoit foi this pioposition as a fust appioximation is obtained from 
the work of Teodoiu and Shwartzman, who have been able to modifv the sns 
ceptibilitv to infection with pohomvelitis viuis of the Golden Syrian hamstei 
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(normally a resistant animal) bj"- suitable alteration of testicular and adreno¬ 
cortical function."'’"®- Certain of tlieir experiments suggest that simultaneous 
administration of testosterone and coilisone to hamsters increases the paralytic 
incidence and moi'tality following intracerebral inoculation of MEF virus, when 
compared to control, cortisone-treated, testosterone-treated, and castigated ani¬ 
mals.^®’ The important role that changes in the physicochemical environment 
of the tissues of the host play in the modification of the host-parasite relation¬ 
ship has been recentlj' reviewed and discussed by Dubos.®^ The importance 
of hormonal factors in this scheme is well illustrated by the enhanced suscepti¬ 
bility of women to infection with poliomsmlitis virus produced by pregnancy.^'*’ 
Studies are in progress to delineate further the changes in the internal 
environment that occur during the course of acute central nervous sj^stem in¬ 
fections. 


SUMMARY 

1. Total exchangeable potassium, antipyrine space, and radiosuKate space 
were simultaneously determined in 44 patients suffering from acute anterior 
poliomyelitis. In a selected number of patients the measurements were re¬ 
peated at 7- to 10-day intervals. 

2. A significant difference in potassium metabolism between males and 
females was demonstrated. In males the intracellular potassium concentration 
was increased early in the illness, while in females it remained imchanged dur¬ 
ing the course of the illness. 

3. A significant difference in the metabolism of water between males and 
females was demonstrated. In males total body water increased early in the 
illness while in females it decreased during the course of the illness. The dis¬ 
tribution of water between intracellular and extracellular compartments was 
identical in males and females. During the course of the illness the extra¬ 
cellular fluid compartment expanded and the intracellular fluid compartment 
contracted. 

4. The biologic interpretation of these se.x differences in potassium and 
water metabolism is discussed. 

We would like to express our thanks to Dr. Mark Lepper for calling to our attention 
the need for a study of potassium metabolism during the course of acute anterior polio¬ 
myelitis. We are particularly grateful to the nursing staff of the Municipal Contagious 
Disease Hospital for their unstinting cooperation during a trying period. The senior 
author would like to thank Mr. Paul Gunther, statistical consultant to the Wright Air- 
Development Command and to Caywood-Schiller Associates, for critical comments about 
the statistical notions involved in the analysis of the data. We would like to thank Drs. 
Josef Brozek, Mark Lepper, Robert Kark, S. Howard Armstrong, Jr., and Harry Dowling 
for reviewing the manuscript. 
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THE EFFECT OF DIGITALIS AND DESOXYCORTIGOSTERONE 
ACETATE ADMINISTRATION UPON INTRACELLULAR 
POTASSIUM ION CONCENTRATION 

A Chemical, and Morphologic Study 

Franklin A. Kyrer, ]\I.D., Henry Teloii, j\I.D., and 
George C. Sutton, M.D. 

Evanston, III. 

T he theory of Szent-Gj'orgi* on muscle contraction has drawn attention to 
the importance of potassium in intracellular physiology. Since the publica¬ 
tion of his work, it has become increasingly evident that the actions of digitalis 
are intimately associated with the intracellular concentration of the potassium 
ion.- 

It has been well documented that toxic doses of digitalis are capable of 
producing myocardial lesions in expeidmental animals.®'” Numerous investi¬ 
gators have indicated also that potassium deficiency results in similar morpho¬ 
logic changes both in animals and in man.”'® As a corollary to these studies it 
has been shomi that potassium depletion in animals increases cardiac sensitivity 
to digitalis.”''^ Robinson and associates®® have recently stated that in potassium- 
deficient rats toxic doses of digitalis did not accentuate the development of 
myocardial lesions. These authors felt that digitalis neither added to nor pro¬ 
tected from the effect of potassium deficiency in their animals. 

In this study large doses of digitoxin alone and in combination with 
desoxycorticosterone acetate (DOCA) were administered to dogs. The results 
of a chemical and morphologic study of the myocardium of these animals form 
the basis for the present report. 


methods 

Mongrel dogs were used througliout the study. A standard laboratory diet was given, 
and water was allowed as desired. All drugs were administered by intramuscular injection 
daily except on Saturday and Sunday. The animals receiving digitoxin lost weight, became 
anorexic, and appeared toxic at the end of the experimental period. 

The animals were divided into 4 groups. 

Group I. Controls: Four dogs considered to be in good health. 

Group II. DOCA Alone: Four dogs, 2 of which received 15 mg. of DOCA daily for 
a total dose of 150 mg. in 13 days and 2 dogs received a total dose of 225 mg. in 
20 days. 

Group III. Digitoxin Alone: Two dogs received 0.4 mg. daily for a total dose of 
6 mg. in 20 days and 3 animals received 0.6 mg. daily for a total dose of 9 mg. in 
20 days. 

From the Departments ol Jledicine and Pathologj' Northwestern University Medical 
School, Chicago, Ill., and tlie Evanston Hospital, Evanston, Ill. 

This work was supported by a grant from the Dee Fund for Medical Education and 
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Group IV DOCA Plus Digitotin Five nnimals received 0 G mg digitovin daily 
plus 15 mg of DOCA dailr for a total dose of 9 mg of digitoxin and 225 mg of 
DOCA in 18 to 21 days, respectively 

All aninials were killed by ether anesthesin Blood vvas removed immediately from the 
left ventricle b\ means of svringo and needle for estimations of <«crum «odium potassium and 
chloride The hearts were then'removed for the following pathologic and chemical studies 
Ti«5sue blocks wore taken from the anterior, lateral, and posterior ventncular walls 
right ventricle, and interventricular septum A minimum of 6 tissue blocks were selected 
from each heart Tissues were fixed m 10 per cent formalin Microscopic sections were 
cut at 6 micra and stained with hemato'^lin and cosm and by the Hotchkiss McManus 
periodic acid Sehiff stain 

Chemical analysis was performed on portions of the left ventricular myocardium in 
each case Tissue specimens varied in weight between 0 5 to 1 0 Gm One tissue specimen 
was dried in an oven at 110® C to constant weight to determine dry weight The dried 
tissue was then extracted with other to determine fat content, fat free wet muscle weight 
and fat free dry mu'scle weight In each ca«c 5 additional muscle specimens were taken for 
chemical analysts The values for each dog reprc<5ent the mean of these 5 analyses After 
weighing, each muscle specimen was homogenized in 50 ml of distilled water using a Waring 
blender with microcell After homogenization, the mixture was centrifuged at 3 000 rpm 
for 10 minutes to produce a slightly opalescent flesh colored fluid Complete disintegration 
of muscle fibers was determined by microscopic examination of the homogenate Chlondes 
were determined on a 20 ml aliquot using the method of IVTiitehoniis Sodium was deter 
mined on undiluted samples and potassium on a I 25 dilution of the sample bv means of 
flame photometry A Beckman Model B spcctropliotomctor with flame attachments was u«ed 
cxclu'jiv cly 

Extracellular water was determined from tissue chlorides and serum chloride according 
to standard methods and formulas The following symbols arc used in the tables 
H Offl = grams of muscle water per kilogram of wet fat free muscle 
Clm = mEq of clilondo per kilogram of wet fat free mu«cle 
H,0* = extracellular phase m gram of water per kilogram of wet fat free muscle 
KjOi = intracellular pli i«o m grams of water per kilogram of wet fat free muscle 
Nai =mEq of Na per kilogram of wet fat free muscle 
K, = mEq of K per kilogram of wet fat free muscle 
Nac„=mFq of Na per k logram of intracellular water 
Kew = mEq of K per kilogram of lulracellular water 
Na, = serum Na in mEq per liter of serum 
K, = serum K in mEq per liter of serum 
Cl, = serum Cl in mEq per liter of serum 

RESULTS 

A Tissue Analysts Data —The notewortlij findings of Table I aic the 
iollonjng 

(1) In Groups II (DOCA alone), III (digitoxm alone), and IV (DOCA 
plus digitovin), H20e IS incieased and H»Oi is deci eased In these same groups 
Ki IS decieased and Ks is incieased (2) In Gioiips III (digitoxin alone) and 
(DOCA plus digitoxin), Kcr is incieased despite the decrease in Kj 
These data indicate tint both DOCA and digitoxm produced a deeiease 
in intracellular iiater and an incieasc in cxtiacellulai iiatci in the myocaidium 
It is interesting to note that during the course of this study the senim potas 
Slum concentration lose It should be empliasired that due to the decrease of 
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intracellular water the actual ionic concentration of intracellular potassmm, 
Kew, increased in the animals reeemng digitoxin alone as well as in tliosc 
receiving digitoxin plus DOGA. 


Table I. Susixcary of the Mean Results op the Chexucal Studies fou All Four Groups 



GROUP I 
CONTROL 

GROUP ir 

BOCA ALONE 

GROUP nr 

DIGITOXIN ALONE 

GROUP XV 

BOCA PLUS 
DIGITOXIN 

NO, DOG 

4 

1 VARIATION 

1 4 1 

VARIATION 

5 1 

VARIATION 

5 

1 VARIATION 


749 

740-755 

724 

705-735 

743 

722-774 

747 

730-761 

Cl„ 

19.5 

18.2-20.3 

21.7 

19.7-23.8 

25.9 

24.6-27.3 

32.3 

25.5-37.3 

H,0, 

152 

146-157 

168 

153-179 

199 

184-209 

240 

188-278 

HaOi 

597 

583-609 

556 

552-558 

554 

527-570 

507 

463-548 

Na, 

7.6 

4.7-11.1 

10.3 

9.0-12.5 

8.1 

6.4-12.3 

9.0 

4.9-10.7 

K, 

S1.3 

76.1-83.6 

75.3 

72.5-78.1 

78.0 

72.1-82.5 

71.7 

61.5-79.5 

Na. 

148 

146-151 

154 

150-158 

156 

148-164 

158 

151-164 

K. 

5.6 

4.8-6.0 

7.6 

5.8-10.0 

7.4 

5.9-8.9 

7.2 

5.8-8.7 

Cl, 

112 

109-113 

113 

110-116 

114 

112-117 

117 

112-119 


12.6 

8.1-18.1 

18.5 

16.0-23.0 

14.9 

10.0-23.0 

17.7 

9.8-20.3 


136.6 

125-143 

136.0 

130-143 

143.5 

134-153 

141.0 

125-169 


B. Morphologic Data .—Microscopic examination of tissue from all animals 
revealed no characteristic changes. Sevei'al sections from each animal showed 
patchy areas of Ijunphocytic infiltrations, interstitial fibrosis and some minimal 
areas of cellular necrosis. These findings appeared occasionally in the control 
animals as in the other groups. The administration of DOGA and excessive 
doses of digitoxin and the chemical aberrations produced by these substances 
did not cause any significant degree of abnormal morphologic change. 

DISCUSSION 

From the results of this study it is apparent that DOGA alone and the 
combination of DOGA and toxic doses of digitoxin are capable of lowering 
intracellular potassium content. Digitoxin alone did cause a fall in intra¬ 
cellular potassium, but not to a marked degree. In contrast to our findings, 
Gardner^® and his associates found in the rat that the combination of DOGA 
and strophanthin G did not lower intracellular potassium to as low a level as 
when either agent was used alone. These authors concluded that a metabolic 
antagonism exists between digitalis and potassium. This may be explained 
by the observation of Eobinson^^ that the rat is resistant to the effects of 
digitalis. Zeeman and associates,^® on the other hand, found that potassium- 
depleted dogs exhibited a marked sensitmty to lanatoside G, but were unable 
to demonstrate a definite decrease in cardiac muscle potassium content. 

Most important in the present study is the fact that although intracellular 
potassium levels diminished, intracellular rvater content also diminished. This 
resulted in an actual increase in potassium ion concentration per unit of intra¬ 
cellular water in the dogs that received digitoxin alone and those that received 
digitoxin plus DOGA. Lown^ has stated, "There is general agreement that 
toxic doses of digitalis liberate potassium from both skeletal and heart muscle. ’ ’ 
In our study, excessive doses of digitoxin did produce some decrease in total 
cardiac muscle potassium, but of greater significance was the actual increase 
in intracellular potassium ion concentration. 
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If it IS e\ci permissible to coii elate experimental data i\ntli clinical ex¬ 
perience, the lesults of this study would impb that the effectneness of potassium 
administration to patients suffering fiom digitalis intoxication maj not be 
dependent upon the incicase in the intracellular concentiation of the potassium 
ion 

The lack of clear cut moiphologic changes in the iiTsocaidium followmg 
DOGA and digitoxm administiation may be cxplamcd by the rather short dura 
tion of tlie experiment, and bj the absence of protein depletion or the hek of 
an cxcessne sodium intake These factors ma\ be necessan. concomitants foi 
the pioduction of potassium defieienej lesions in the dog 

SUMV vn\ 

A sludj is piescntcd in which groups of dogs wcic gnen injections of 
laigc doses of DOGA and digitoxm Chemical analysis of the heart muscle 
of these animals le-vcaled that DOGA alone, digitoxm alone, and a combination 
of these agents produced a diop in total muscle potassium IIoue^er, due to 
tlie deciease in intracellular water content, actual intracellulai potassium ion 
concentration was increased in the animals rccci\ing digitoxm alone and those 
locenmg digitoxm plus DOGA 

The animal heaits were studied for morphologic lesions similar to those re 
poited clscwheic, but no diffcicnce was found m the drug treated animals from 
n gioup of normal controls 
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THE ABSORPTION OP VITAMIN Bii LABELED WITH RADIOACTIVE 
COBALT'® FOLLOWING SUBTOTAL GASTRECTOJIY 

0. Brodine, M.D., B. I. Priedjian, M.D., E. L. Saenger, M.D., and 

J. J. Wile, M.D. 

Cincinnati, Ohio 

M EGALOBLASTIC anemia is an uncommon complication of a subtotal 
gastrectomy,^’ ^ altbougli there have been repoi'ts of sucli an occurrence.®'® 
Recent reports indicate that impaired absorption of \dtamin Bi: occurs follow¬ 
ing subtotal gastrectomy, but is uncommon.®’ We have perfoi-med a similar 
study of the absorption of Co'°-labeled idtamin Bj; in a large group of patients 
who had had subtotal gastrectomies. In patients with impaired absorption 
of vitamin Bu, the effect of gastric stimulation with a secretagogue and the 
effect of the administration of an inti'insic factor preparation have been studied. 
In addition, we have investigated the role of the type of anastomosis involved 
in the production of the absorptive defect. 

JIETHODS and materials 

The absorptioa of Coso-labeled vitamin B,, was measured by means of a modification 
of the Schilling test,i3 the results being expressed as the per cent of the radioactivity of 
the oral dose (1 fig vitamin labeled vrith 0.7 to 1.0 pc Co'o) e.xoreted in the urine in 24 
hours. In 16 normal subjects and in 17 patients with pernicious anemia the range of 
values for the 24-hour urinary excretion of radioactivity was found to be 6.5 to 22.3 per 
cent and 0.0 to 1.3 per cent, respectively. Ten patients with pernicious anemia Iiad the 
Schilling test repeated until administration of intrinsic factor concentrate at the time of 
the oral dose of Co^e-labeled vitamin B,, and the range of values was found to be 4.0 
to 19.7 per cent. 

The absorption of vitamin B,, was measured in 84 patients who had undergone 
conventional subtotal gastreotomj- from 1 to 70 months earlier. Fifteen patients had 
subtotal gastric resections with gastroduodenostomies, and 19 patients had subtotal gastric 
resections with gastrojejunostomies. Vagotomies had been performed in 2 patients in the 
former group and 4 patients in the latter. In both groups of patients, 60 to 80 per cent 
of the distal portion of the stomach had been resected, leaving a portion of the fundus 
in every case. Surgery was performed for peptic ulcer in 30 instances and for carcinoma 
in 4. Anemia was not present in any of the patients. 

Pour patients ivith subtotal gastrectomies were found to have an abnormally low 
urinary excretion of Coco-labeled vitamin Bj„ comparable to values found in cases of 
pernicious anemia. Additional studies were performed on these patients as follows: 
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(1) a Sclulhnfj test with concomitant administration of 50 mg of intrinsic factor con 
centrote, (2) a Schilling test 00 minutes after gastric stimulation Tvith 50 mg of Histalog 
(3 heta ammoctliyl pjrazolo) administered subcutaneously^, (3) blood urea nitrogen 
and blood creatinine determinations, (4) plasma protlirombm and serum carotene levels The 
latter procedures were performed to eliminate renal disease and small bowel malabsorption 
‘’iTidroraos 


RESULTS 

The icsults are presented in Tables I and II Tlie langc of nunaiv e\ 
cietion of Co^Mabcled \itamin Bu was 7 5 to 36 4 per cent in the group of 15 
patients with subtotal gastric resection with gastrodiiodcno'jtomj Three pa 
tients had associated vagotomies 

The range of urinary excretion of Co*®dabcled vitamin Bi-> was 0 7 to 313 
per cent in the gioup of 19 patients with subtotal gastric resection and 
gastrojejunostomy Foui of the patients m this group excreted less than 4 7 
pci cent of the administered radioactmtj In all 4 patients the unnaiv ex 
cietion of radioactivity incieascd to mthin the normal lange when the Schilling 
test was repeated with 50 mg of intnnsic factor concentrate In 2 of these 4 
patients urinary excretion of ^ntamm inci eased after Histalog admin 

istration one using to 6 4 pci cent Blood luea nitrogen, blood creatinine, 
plasma prothiombm conccntiation, and serum caiotcnc determinations were 
normal in these patients 

DISCUSSION 

Impaired absorption of vitamin Bi-*, as mcasuied by the Schilling test of 
luinary exeietion, was found in 11 per cent of a group of 34 patients who had 
had subtotal gastric resections The patients who had impaired absorption of 
^ itamm Bi« were not anemic probablj because they were studied too soon after 
gastrectomy to ha%e depleted their body stores of vitamin Megaloblastic 
anemia is uncommon following subtotal gastric resection MacLean in screen 
ing over 1,500 patients with subtotal gastrectomies found only 9 patients with 
megaloblastic anemia ® 

The 4 patients with impaired absorption of vitamin Bi- had had subtotal 
gastric resections with gastrojejunostomies None of the 15 patients, who had 
subtotal gastiic lescctions with gastroduodcnostomies had impaired absorption 
of vitamin Bj 2 Twenty five cases of megaloblastic anemia following subtotal 
gastric resection or gastrojejunostomy have been reported in the medical lit 
oiaturo wuth details of the tjT?e of surgical anastomosis ^ ® In all but one of 
tliese cases, the subtotal gastric resection has been associated with a gastro 
jejunostomy In the one case associated wuth gastroduodenostomy, a high 
Billroth I resection was accomplished * The 3 patients reported by Lowenstein’^ 
whose absorption of vitamin B 12 was impaired after subtotal gastnc resection 
also had had gastrojejunostomies 

These observations indicate that jmpaiicd absoiption of vitamin Bi- after 
subtotal gastiic resection occurs predominately in patients who have had the 
stomach remnant anastomosed to the jejunum Since the defect in absorption 
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Table I 


PA¬ 
TIENT 1 

1 

AGE ' 

DIAGNOSIS 1 

MONTHS 1 
AFTER 1 
OPERA¬ 
TION 

TYPE OF 
PROCEDURE 

GASTRIC j 
ANALYSIS 1 
BEFORE 1 
OPERATION 

PER CENT tJRINARY EX¬ 
CRETION OF VITAMIN 
B,.OoG0 

VITAMIN B,-Co«0 AI.OXE 

j. j. 

54 

Gastric ulcer 

19 

Gastroduodonostomy 

Free acid 11.0 

with 

histamine 

B. N. 

77 

Duodenal and 
gastric ulcer 

43 

Gastroduodenostomy 

Free acid 

9.6 

F. M. 

50 

Duodenal ulcer 

39 

Qastroduodenostomy 
and vagotomy 

Free acid 

21.5 

0. W. 

57 

CaToinoma oi 
stomach 


Gastroduodenostomy 

— 

8.5 

E. S. 

65 

Duodenal ulcer 

21 

Gastroduodenostomy 

Free acid 
postop- 
eratively 

30.1 

A. P. 

60 

Duodenal ulcer 

30 

Gastroduodenostomy 

— 

15.8 

M.\Y. 

50 

Duodenal ulcer 

6 

Gastroduodenostomy 

Free acid 11.7 

after 
histamine 

B.H. 

39 

Duodenal ulcer 

7 

Qastroduodenostomy 

— 

10.4 

M. H. 

58 

Carcinoma of 
stomach 

19 

Gastroduodenostomy 

— 

9.6 

D. A. 

56 

Gastric ulcer 

13 

Gastroduodenostomy 

— 

13.0 

W. B. 

62 

Gastric ulcer 

2 

Gastroduodenostomy 

Free acid 7.5 

with 

liistaraiue 

P.D. 

51 

Gastric ulcer 

20 

Gastroduodenostomy 

Free acid 

20.0 

■\V. M. 

18 

Gastritis, no 
ulcer 

3 

Gastroduodenostomy 
and vagotomy 

Free acid 

18.8 

G. M. 

35 

Duodenal ulcer 

16 

Gastroduodenostomy' 

Free acid 

24.6 

J.E. 

34 

Duodenal ulcer 

114 

Qastroduodenostomy 

— 

36.4 

C.P. 

39 

Pyloric ulcer 

1 

Gastrojejunostomy 

Free acid 

25.1 

N. B’. 

42 

Chronic gastritis 

7 

Gastrojejunostomy 

— 

9.7 

B. A. 

65 

Duodenal ulcer 

4 

Gastrojejunostomy' 
and vagotomy 

Free acid 

22.9 

F. G. 

82 

Duodenal ulcer 

2% 

Gastrojejunostomy 

— 

12.4 

M. S. 

56 

Gastric and du¬ 
odenal ulcer 

614 

Gastro j e j unostomy' 

— 

18.0 

C. B". 

48 

Duodenal ulcer 

4 

Gastrojejunostomy 

No free 11.7 

acid 
after 
histamine 

C. C. 

70 

Gastric and du¬ 
odenal ulcer 

3V2 

Gastro j e j unostomy’ 

— 

25.6 

C. T. 

65 

Gastric ulcer 

15% 

Gastrojejunostomy 

Free acid 17.8 

after 
histamine 

J. M. 

58 

Duodenal ulcer 

28% 

Gastrojejunostomy 

— 

15.8 

A. D. 

47 

Duodenal ulcer 

5% 

Gastrojejunostomy 

— 

17.1 

F.F. 

61 

Duodenal ulcer 

4% 

Gastrojejunostomy 

— 

23.2 

S. F. 

49 

Carcinoma of 
stomach 

5 

Gastrojejunostomy 

— 

31.3 

J.B. 

40 

Duodenal ulcer 

60 

Gastrojejunostomy’ 

-— 

10.5 

E. G. 

30 

Duodenal ulcer 

70 

Gastrojejunostomy 

— 

8.2 

G.D. 

71 

Duodenal ulcer 

9 

Gastrojejunostomy 

— 

18.5 
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22 ? 


of ntamin Bj- can be collected b\ the addition of intrinsic factoi the ah 
nolnlaht^ can he attiihiited to an iindequatc quantity of iiitiin''ie factoi 
feetcial fnctoi's umlouhtedh contnhute to (his iindeqiiac^ First dccieased 
jrastiic secietion of intrinsic factor nn\ occur, because of an inadequate jnstiic 
phase of secretion Stimiihtion of pastiic secretion thiongh the gastuc mech 
anism can be ln^oked h\ meclnnical distention of the p\lonc antnim food 
or contact uitli the antral nuieosa of chemical substances deined chiefl\ 
from meat The resection of a laige segment of the antrum associated with 
mcieascd late of gastric motiliU and emptving ma\ deciease the cficctneness 
of tins lioiinonal mechanism In 2 of oiii cases uith pool ahsoi*ption of Mtamin 
Bi« stimulation of gastric seciction uith a seerctagogue resulted in improved 
absoi-ption of ^ntamin Bi- 


Table ir 


I I J PEP CENT mNAP\ EX 

{ I tTETION OF VITAMTS B, 

I , Co‘'o 


FOLLOW 


PK 

T^:^T 

4GC 

1 

DUGNOSIS 

TlilE IS 

1 3XOSTIIS \FTEr 
i OPEEATIOS 

' T\PE OF 
PPOCEDCKE 

CASTPIC 

ANALYSIS 

BEFOPF 

1 OPERAHOS 

VITV 

MIN 

B, 

Co''' 

PLUS IN 
TBINSIC 
FACTOP 

LNG 50 
MG 

ni&TALOC 

LM 

C E 

31 

Duodenal nicer, 
direrticulum 
of third por 
tion of duo 
denum 


On<troje 

JUDO tomr 
an 1 ragot 
oinr 

i*ree acid 

3S 

- 2 

64 

M n 

60 

Carcinom'i of 
«tomach 

7 

Gn^trojt 

juno«tomT 

— 

07 

7 0 

0 7 

T S 

64 

Duodenal ulcer 

V mo uith in 
tnn«ic factor 

1 mo iNith 
ni«talo{j 

Ga«troje 
juno tomi 
nnd vagot 
omv 


4 7 

104 

4 0 

L R 

44 

Duolenal ulcer 

114 

Ga«troje 
juno tomr 

— 

1 S 

12 4 

o 6 


In the 9 cases of megaloblastic anemn associated \Mth subtotal gastric 
resection leported b\ KacLcan,® he noted m the suigical specimens intcs-tinali 
zation of the gastric mucosa and considcicd this a cause foi decieased ‘lecietion 
of intimsic factoi Thiee of the 4 patients with decreased aliAorption of 
ntamin Bj- who were studied in our laborator\ had nomal gastric mucosa in the 
surgical specimens The fouith patient (M H ) was found to haie a gastiie 
carcinoma with mtestmabzation of the gastne mucosa 

Second, folloiving gastne leseetion w^th gastiojejunostom^ the dncKlenum 
b^'passed, and the stomach contents enter directlr into the jejunum Althoiigli 
ntamin Bi- in the presence of intrinsic factor is absoibed thioughont the small 
intestine, the duodenum is undouhtedh one of the moie impoitant site^ of 
ntamm Bj- absorption Citnn“ and his associates, in studies on the site of 
absorption of vitamin Bi- from the intestinal tiact in normal subjects obtained 
the liighcst ullnal^ excietion values when ^^tamln B,- was instilled hi tube 
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directly into the dnodennm although significant absorption of vitamin B12 
did occur following instillation into the .iejunnm and ileum. Observations of 
von Bonsdoi-fP” in eases of megaloblastic anemia associated with fish tapeworm 
infestation also attest to the importance of the duodenum in vitamin B,; 
absorption. Dislodgment of the worms from the duodenum induced remission 
of the megaloblastic anemia evon though the tapeworms remained in the lower 
portion of the intestinal tract. 

Naish" and his associates reported a case of megaloblastic anemia following 
gastrojejunostomy and attributed the cause to intestinal stagnation in the 
afferent loop of jejunum. In our cases the blind loop syndrome is an unlikely 
explanation for the defect in absorption of vitamin B12 inasmuch as the defect 
was corrected hy the simultaneous administration of intrinsic factor and vitamin 
Bi 2, In the presence of intestinal blind loops which interfere with vitamin 
Bi 2 absorption, intrinsic factor does not correct the absorptive defect. 

Intestinal malabsorption of vitamin B12 associated with steatorrhea also is 
unlikely in our patients inasmuch as intidnsic factor corrected the absorptive 
defect. In addition, the 4 patients had no diarrhea and maintained their 
weights. Plasma prothrombin and serum carotene values were normal in all 
cases. 

Renal disease as a cause of an abnormally low urinary excretion of vitamin 
Bi 2 was excluded since there was no history of renal disease, the urinalyses, 
blood urea nitrogen, and creatinine values were normal and the low urinary 
excretion of Co®“-labeled vitamin B^ returned to normal levels with the addition 
of intrinsic factor to the Schilling test. 

SUMMARY 

Vitamin B12 absorption was studied by means of a modified Schilling 
technique in 34 patients who had had subtotal gastric resection. Decreased ab¬ 
sorption was found in 4 of the 19 patients who had had subtotal gastric resec¬ 
tions until gastrojejunostomies. The defieienej^ was corrected by the adminis¬ 
tration of intrinsic factor. All of the patients with gastroduodenostomies ab¬ 
sorbed vitamin B12 normally. Decreased gastric secretion of intrinsic factor 
and b3passing of the duodenum are considered important factors in the de¬ 
creased absorption of vitamin B12 in the patients with subtotal gastrectomy 
associated ivith a gastrojejunostom3V 
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d-xylose and potassium iodide absorption and serum 

CAROTENT 3 IN PERNICIOUS ANEMIA 

Alyce Bezman, M.D., Douglas G. Kiknear, M.D., P.R.C.P.(C), and 
Norman Zamcheck, JI.D. 

Boston, Mass. 

With the Technical Assistance of Robert Cavanagh, A.B. 

T ub presence of an absorptive defect in pernicious anemia was initially 
demonstrated by Castle^ who, in 1929 , described the absence of intrinsic 
factor in the gastric juice. Citrin and associates,^ instilling vitamin Bj; di¬ 
rectly into the small intestine, have shown this to be the normal site of Bjo 
absorption. Employing a modified Schilling test, they further confirmed the 
inability of patients with pernicious anemia to absorb vitamin Bij in the ab¬ 
sence of added intrinsic factor. 

The question of impaired small intestinal alisorption of other nutrients 
in pernicious anemia is raised by certain similarities of this disease to non- 
tropical sprue. Megaloblastic anemia, glossitis, peripheral neuropathj’^, and 
low serum vitamin B12 levels are frequentlj' encountered in sprue patients.®"^ 
In addition, Gardner” has described similar alterations in gastric cytology in 
these two conditions. 

Depression of serum carotene levels' and xylose absorption®’ “ are found in 
the sprue syndrome. Heath and Fullerton*® noted a delay in salivary iodide 
excretion following oral ingestion of potassium iodide in 7 of 14 patients with 
-pei’nicious anemia, and concluded that this was evidence of impaired iodide 
absorption from the small intestine. It is the purpose of this report to evaluate 
further the absorptive activity of the small intestine in pernicious anemia. 

MATERIALS AND METHODS 

Serum carotene levels, blood xylose levels, and urinary excretion of xylose were 
measured in the following subjects: 

1. Fifteen normal subjects between the ages of 25 and 72 years (Table I). 

2. Twenty patients with pernicious anemia in hematologic remission, aged 55 to 85 
years. The potassium iodide test rvas performed on 12 of this group (Table II). 

3. Five pernicious anemia patients in hematologic relapse, the diagnosis in each 
case being confirmed by the characteristic bone marrow, low serum vitamin B,, levels, and 
a reticulocyte response to parenteral vitamin B,, therapy. Repeat studies were done 
following therapeutic remission (Table III). The potassium iodide test was also per¬ 
formed on 3 of these patients. 

From the Gastrointestir ’ ~ ... -.tory, Mallory Institute of Pathology, and 

the 2nd and 4th (Harvard) " ' ston City Hospital, and the Department of 

Pathology, Boston University ■' Boston Mass. 
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4 Six patients with chronic nunmegaloblastu anemia, nith hemoglobin level com 
parable to tho e fouml in Group III (Table IV) 

It \vloic and CaroUnc Following an overnight fast, the bladder nm. emptied 

ami the urine di-^arded Twentv five grain', of n-xvlo-e, dissolved iq 500 ml of water 
was givtn hv mouth at 7 v sr The xvlo^e content of a 5 hour urine collection wa^ le* 
termiiied Patients remninel fasting during the test Bloo 1 was drawn for xvlo e an I 
carotene dettnninations 2 hours following ingestion of the sugar \'lo e was determinel 
hv the method of I«oe and Rice i* carotene bv the method of Be* ev and associate i 

7*otfissii/m fodidc Tf-at —The subjects Irnnk a solution of 0 25 Gm of potas lum lodile 
ill 50 ml of water after an overnight fast The mouth was then riiised an I saliva col 
lectel everv 2 minutes in a cup containing 1 ml of saturattd starch solution anl 4 drop 
of 10 per cent feme chlori le solution The time elajsing between inge tion of potas>iuni 
iodide and its appearance m saliva wa« measure 1 The pre ence of as little as 0 027 mg 
of free loline release 1 hv feme chlori le reuitel iii the appearance of a blue black 
precipitate 

ItExuLTb 

The fi\e hoiii urinait wlosc c'^cietion of 10 noinnl subjects ranged from 
17to700m tilth tin aveiagc Aaliie of 3 71 Gm (Table I and Fig 1) The 
2 hoiii blood h\ols tailed ftom IS2 to 42 2 mg i>oi cent «ith an aterage of 
31S mg per cent (Table I and Fig 2) The^e lattci taluo are m accord 
with those lopoitcd b\ prenous authors® * “ ^enim caiotene in the control 
group ranged from j5 to 192 per cent with an atcrage of 124 S jig per cent 
(Tabic I and Fig 3), which is in agreement with nonnal tallies (50 to 420 
Hg pei cent) reported bt othci'S' Salitart iodide e\crction time, after oral 
potassium iodide ingestion, in 45 healths subjects taried fiorn 11 to IG 
minutes 


TtBLr I Slpck Cctotcse vvd p-\iL 0 SE Pin’£r3rrs moss rs Covtpoi. *Jibjects 


C\SF 

\rr 

2 HOCP BLOOD 
XTLOSE 
(ilC PET CFNT) 

o IIOCP CrlNF 
XtLOSF 

(or) 

, SEPl M 

evrOTENE 
fur PFT CENT 

1 

25 

34 4 

67 

102 

2 

2S 


_ 

167 

3 

2S 


_ 

17S 

4 

20 

42 2 

3 7 


5 

30 

36 4 

76 

lOS 

n 

30 

22 6 

7 0 

- 

T 

34 

- 

— 

123 

S 

"U 

JI 5 

6S 


0 

40 

IS 2 

3 S 

- 

in 

40 

30 7 

3S 

— 

11 

41 

- 

- 

51 

12 

50 

33 S 

5 6 

- 

13 

IS 


- 

65 

14 

60 

37 S 

7 5 

116 

15 

72 

32 2 

3 7 

110 


'N'oiinal 2 hour blood \tlose lettls woie obtained in all 20 peiiucioits 
anemia patients in iemission (Fig 2) X.rinaiv wlose excretion was normal 
in 13 of this gioup, low values vteic noted m the lemaimng 7 (Cases 1 to 7 
Table IT) Serum carotene and salitart iodide excretion times trere normal 
in all patients tested (Table II) 





Fig-. 1 ,—Five-hour urine xylose determinations in normal subjects and patients with pernicious 

and other anemias. 



Pig'. 2.—Two-hour blood xylose determinations in normal subjects and patients with pernicious 

and other anemias. 



Fig, 3 ,—Serum carotene determinations in normal subjects and patients with pernicious and 

other anemias. 
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Table II SErun Cveotenl aed ii N\io&e Di terminations in Pirmcious Anemia Patients 

IV Kl MISSION 






lOTVSSlUVI 

2 HOUl 







lODlIlf 

in 001 ) 

5 iioui 

SH UM 





N\) IV vrv 1V 

NVIOSf 

UPINE 

1VROTENf 





< 1 ltion tivie 

(M( PFI 

wlose 

(/iG PER 


casl 

age 

IlEMOGLOUtN 

(MINUTES) 

CFNT) 

(OM ) 

CENT) 


D C 

72 

14 0 

12 


2 1 

115 


K F 

69 

13 4 

10 

37 5 

24 



ir w 

77 

12 5 

IS 

23 8 

34 

99 


c s 

53 

15 0 

18 

44 9 

3 4 

71 


M O'T 

54 

14 1 

12 

40 7 

33 

265 


Q iM 

60 

1 i n 

11 

29 0 

33 

103 


L S 

71 

12 5 

10 

20 9 

3 2 

130 


G S 

72 

n 1 

14 

31 1 

4 0 

loO 


M D 

55 

132 

12 

35 5 

5 9 

115 


R B 

50 

133 

1C 

70 

7 4 

200 


C B 

65 

14 3 

14 

40 0 

4 7 

131 


J C 

GO 

15 3 


192 

84 

199 


E D 

71 

14 2 


21 5 

53 

138 


J G 

65 

168 


38 1 

42 

249 


I H 

50 

145 


32 1 

38 

148 


xr L 

65 

15 6 

_ 

20 C 


171 


B S 

00 

13 2 


35 7 

38 

no 


G E 

75 

14 5 


31 6 

42 

112 


E DeP 

71 

14 3 


29 1 

38 

108 


T T 

62 

135 


37 8 

37 

254 


•Determination not niade becawse of elevated (49 nip per cent) NPN 


Three of 5 pcinicious anemia patients in relapse had normal taluos foi 
blood and nrme \jlosc and scmm caiotene Diminished urinai*j e\eretion 
of vjloso nas noted in the lemaimng 2 (Cases 1 and 2 Table III), lint in 
cieased as the hematocrit losc on Mtamm thoiapy Blood \>lose le\els 
were normal ^\ith the exception of the initial -value in Case 1 Serum caio 
tene was iiiitiallj' depicsscd in these same 2 patients but rose to low noimal 
levels with treatment Two of 3 patients had noimal salivary iodide G\cio 
tion times The third had a dclajcd iodide appeaiance time which retuined 
to noimal on B,.. theiapy 


Table III Sebum Capotene and d Xylose Determinations in Pepnicious Anemia 
Paupvts in Rclaise 


CASE 

ACE 

HEMATOCRIT 

DATE 

1 

2 Hour BLOOD 
XYLOSE 1 

(Mr PERCENT) 

5 HOUR 1 
URINE 

XV LOSE 
(GM ) 1 

SERUM 
CAROTENE 
(^G PER 
CFNT) 

1 J II 

76 

30 

11/ 9/57 

15 5 

1 9 

19 7 

J H 


38 

11/18/57 

39 7 

04 

36 

J H 


42 

3/ 6/58 

21 4 

26 

09 

2 J S 

75 

30 

1/ 3/58 

32 2 

08 

27 5 

J S 


25 

1/16/58 

23 3 

20 

28 4 

J S 


42 

3/ 6/58 

40 0 

41 

45 

3 M H 

56 

29 

2/19/58 

42 3 

60 

07 

M H 


37 

3/16/58 

42 1 

60 

115 

4 M C 

60 

26 

5/16/53 

38 2 

01 

66 

SEC 

72 

26 

5/15/58 

431 

4 2 

32 


Blood xylose levels in G patients with nonmegaloblastic anemia weie noi 
mal (Table IV and Fig 2) Uiine xjlosp eveietion was normal in 4 of this 
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group and low in the remaining 2 (Table IV and Fig. I). Serum eai-otcnc Wiis 
within the normal range in 5 patients. One sul).ipct \vith Cooley’s anemia had 
a value of 40 /ig per cent. 


Tabi.e IV. Serujc Carotene and d-Xylose Determinations in Patient.s With Anemia 
Other Than Pernicious Anb.mia 


(’ASK 

1 

ACiE 

urarATO- i 
OKIT 1 

DIAGNOSIS 

li'HOUR 

BLOOD 

XYLOSE 
(MG. BER 
CENT) 

5-iiouk 

ttkinf: 

XYLOSE 

(OM.) 

SERUM 

CAROTENE 
(fiCf PER 
CENT) 

1. A.P. 

41 

IS 

D.!!.' with acutp anil 
chronic blood loss 

14.2 

2 2 

72 

2. A. T. 

35 

25 

Cooley’s anemia 

22.0 

5.4 

40 

3. J. E. 

74 

27 

Gastric polyp with 
chronic blood lo.ss 

42.5 

4.5 

75 

4. G. M. 

19 

30 

Hepatosplcnomeealy 
with norniocytic ane¬ 
mia 

18.5 

7.0 

59 

0. B. G. 

18 

35 

Chronic infection with 
norniocytic anemia 

43,8 

5.8 

56 

6. B.D. 

43 

35 

D.!!.** with chronic blood 

07.1 

2.9 

181 


loss 

‘'Duodenal ulcer. 


mSCUSSION 

Fishberg and Friedfeld''' in 1932 demonstrated diminished urinary excre¬ 
tion of i)-xylo.se in the presence of renal insufficiency. Helmer and Fonts” 
evaluating small intestinal absorption, noted a mai’ked decrease in urine 
xylose excretion over a 5-hour period in 3 patients with steatorrhea. The im¬ 
portance of determining blood .xylose was emphasized, in order to help differ¬ 
entiate diminished intestinal absorption from impaired renal clearance. Four- 
mann® and Benson and associates® also reported low 5-hour urinary x.yloso 
values (1 to 2 Gm.) in the sprue syndrome. Although some xylose is actively 
metabolized in the human body,”’ ” the test is considered useful clinically in 
screening patients for intestinal malabsorption. 

Although Helmer and Fonts” found slightly impaired absorption of 
xylose in a few of their patients with pernicious anemia in remission, no con¬ 
sistent abnormality was observed. Kidney function, as measured by urea 
clearance, markedly influenced the amount of xjdose in the urine. In individ¬ 
ual cases, however, ui-ine xylose excretion did not necessarily parallel the urea 
clearance. Of our 20 patients in remission, 13 presented normal values for 
blood and urine xylose. The remaining 7 excreted diminished amounts of 
xylose in the urine. The presence of an elevated nonprotein nitrogen in Case 
1 and normal blood xylose levels in Cases 2 to 7 favor diminished renal excre¬ 
tion rather than impaired intestinal absorption, although a minimal degree 
of the latter cannot be ruled out. 

When patients in relapse were treated with specific antianemic therapy 
by Helmer and Pouts,”’ there was a rise in urea clearance and an increase 
in xylose excretion. We also found increasing urinary xylose excretion in 



\ olumc 53 
Isumber 2 


IKILSIINAL ABbORPlIO^ IN PERNICIOUS ANEMIA 


23 J 


2 of mu 0 pintients iindei going hematologic remission The 3 remaining pa 
tieiits, despite a compaiable degree of anemia, had normal iirinai^ \jlosc 
\ allies 

Thcie \ias no consistent impanmcnt of xylose absorption in patients \Mth 
a moderate degice of anemia othei than iiei melons anemia The picsenco of 
an eleiated lilood xjlosc Iciel Avith low minaij oxcietion in Case G suggests 
impaned icml clcaianec Ihe possibility that a piofound degiee of anemi i 
may lesult in impaiicd \^lose absoiptioii is laised by Case 1, i\ho ivith i 
hematociit of 18 pci cent, had loi\ Ic\ols of both blood and mine xylose 

Wengci and associates" haie shonn by fat balance studies that dimin 
ishod intestinal fat absoiption coi relates a\cII ivith low scrum caiotenc le\els, 
\allies liolow 50 /tg pei cent being the rule Ulciated scium caiotene nia\ 
oceiu with dietaiy excesses of carotene containing foods, and is also found 
in hypotlnloidism, diabetes melhtus, and hypeihpcmia Low le\els aic seen 
with deficient intaLe, feici, laiindice ccliac disease, spuic, and hyT)crthyroid 
ism Rubegni,*'‘ in a study of 5 patients with peinicioiis anemia leportcd 
scium caiotene Iciels within the lowci limits of noimal unrelated to the 
hemoglolnn conccnti<ation 

In the present study all peinicious anemia patients m lomission had noi 
mal blood caiotenc lc\els Thiec patients m iclnpse, with adequate dietary 
intake, prosoiitod low noimal \ahics The icinauiing 2 patients with a history 
of anoiexia, nausea, and \omiting showed low Iciols of soium caiotenc which 
lose piogic&snoh with therapeutic iemission and lesumption of noimal food 
intake Thus, ieduced intake lathci than impaiicd absoiption would appeal 
to explain these low iallies since it has been shown*® that diet, the only 
souicc of body caiotenc, diiectly influences blood le\els 

Fnc of C patients witli anemia othei than megaloblastic had caiotenc 
^allies within the noimal langc 

Excietioii of salucaiy iodide following oial ingestion of potassium iodide 
was noimal in 12 patients with pcinicious anemia in iemission in this study, 
wheicas only 1 of 3 patients in relapse had a delay in excietion These ob 
scnations aic at \aiiance with those of Heath and rulleiton*” who icpoited 
some delay in iodide cxciction in 7 of 14 patients with peinicious anemia in 
1 emission These differences may possibh be accounted foi by -sanations in 
gastiic emptying time, not inciusurcd in cithci study 

Claik’^ has shown that theie is no abnormality of folic acid absoiption 
111 pcinicious anemia 


SU-VI-M VR\ \ND CONCLUSIONS 

Iso consistent impaiiiiient of intestinal absoiption of nxslose, caiotene, or 
potassium iodide was demonstiated in patients with iieuiicious anemia in hem 
atologie lemission Two of 5 patnnts in lelapse showed low seium caiotene 
lescls and low 1(\l1s of uiinan xylose exciotion in the picscnce of noimal 
blood \alues The incieasc in unne xylose content following therapy was 
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presumed to be due, in part, to increased renal clearance associated with a 
rising liematocrit. Resumption of normal eating habits was associated with 
a rise of serum carotene to low noimial levels. 

Although the possibility of minimal malabsorption of substances other 
than vitamin B 12 exists in patients with pernicious anemia, particularly during 
relapse, the degree of malabsorption does not appear to be significant. 

We -wish to thank Dr. Bernard Cooper of the Tliorndike Memorial Laboratory, Boston 
Citj' Hospital, for his assistance in selecting the patients for this study. 
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STUDIIIS IN LEUKEJIIA 

IX The Induction- or Leukemia in Adult C3H JIice bv JIeans of Cfll-Free 
Brmn Filtrvtfs 

Steven 0 Schm artz, 51 D , H \rold 51 Sciiool'man, 51D , and 
WiLM \ Spurrifr, 51 T (A S C P ) 

CiiicvGO, III 

T he oppoitiinity to extend oiii studies* ® on the induction of leiiKeniia mth 
cell flee biain filtrates presented itself when a spontaneous leukemia de 
\ eloped m a 22-wcck-old CSIIeb male mouse in oui biecdmg colonj 

MATERI \I s AND METHODS 

Preparation of Cell Free Ftltiates- —^Tlic cell free filtrates of brain are prepared in 
the following manner* 

1 Half of the mouse brain is remo\e(l immediately after death and placed m sterile 
sahne «olution m a 10 by 75 mm tost tube When the brain is not to be processed im 
nicdiatelv the tube is stoppered with a cotton plug and stored at -15® C 

2 Jlortar and pestle for grinding, a 100 ml graduated cylinder, and a flask are kept 
cold in the freezer 

3 An ICO bath consisting of a pan filled with ice cubes and ice water is kept at 
4® C along with a flask of bufTcred isotonic saline solution of pH 7 4 

4 The cold mortar is placed m the ice bath The brain is ground in tho mortar 
with a small amount of sahne solution and some sand This is done in a coM room or in 
the refrigerator It takes about 10 minutes until only a fine suspension remains, which is 
poured into the graduate, the mortar is rinsed with the cold buffered sahne solution in 
order to dilute the brain suspension to 100 ml 

5 Tho suspension is then transferred to a flask whore it is left to stand m tho re 
fngerator for 24 hours This step does not seem critical, however, because niany filtrates 
have been used after settling for only an hour 

0 If after standing the supernatant is relatively clear, it mav be decantetl If the 
supernatant is very cloudy, it is centrifuged at 3,000 rpm for 15 minutes at 4® C 
7 Just before filtration tho supernatant is contaminntetl with Fsr7i coh 
8 The contaminated supernatant is filtered through a Seitz so called storihnng pad 
(Tv pc S) 

9 A sample specimen is taken for bacterial culture before and after filtration 
10 Either tho filtrate is used immediately or it is stored until needed in sterile 
cotton plugged tubes at -15® C 

11 Por intrapentoncal inoculations, 0 5 ml of the filtrate is used Por intra 
cerebral inoculations, from 0 075 to 0 1 ml is used 

12 Eecipients are usually 4 to 12 week old mice 

From the Hektoen Institute for Medical Research of the Cook Counts Ho'»intal Chicago 
III 
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Preparation of Tumor Cell Suspensions. —Tumor cell suspensions are prepared by 
homogenizing tumor in a glass tissue mill and diluting the cells vrith physiologic saline 
solution to a concentration of approximately 10® per cubic centimeter. Tumor cell inocu¬ 
lations are made intraperitoneally with 0.5 ml. of the cell suspension. 

Source of Mice. —The C3Heb mice were obtained either directly from Jackson 
Memorial Laboratory or were bred from a pedigreed stock originally obtained from them. 
The C3H mice were from Jackson Memorial Laboratorj' or from Cumberland View Farm, 
Clinton, Tenn. The C3H (Heston) mice were obtained from Dr. Sarah Stewart, National 
Institute of Health. The C3H x 101 hybrid mice were from Cumberland View Farm, 
Clinton, Tenn. The C3H (Rockland) mice were obtained from Rockland Farms, New 
City, N. Y. 


RESULTS 

Characteristics of Spontaneous Leukemia. —The 22-iveek-ol(l male C3IIeb 
mouse which served as the springboard for these experiments was 1 of 12 C3Heb 
mice ill which spontaneous leukemia developed in our colony. Nine of the 12 
were female, 3 were male. Their ages ranged from 22 to 91 weeks (average 50.4 
weeks). Four of the animals were closely related. One female and one male 
were litter mates; tlie female had 3 litters; 2 of the mice of the third litter also 
developed leukemia. None of tlie female progeny had subsequent litters; thus, 
this line could not be studied further. 

The spontaneous leukemias were characterized by a generalized Ijun- 
phadenopathy, including a discrete mesenteric tumor, enlargement of the thy¬ 
mus, and moderate hopatosplenomegaly. The blood and marrow were studied 
in 4 of the spontaneous leulcemias. Of the white cells in the blood, from 5 to 
95 per cent were primitive lymphoid cells. When the percentage was low, the 
lymphocytes were increased in number; many showed bilobed and bizarrely- 
shaped nuclei; the cytoplasm frequently took a deep basophilic strain. The 
marrow was partly or completely replaced by the lymphoid cells. These varied 
in size from 12 to 16 micra and had a deep basophilic cytoplasm. The nuclei 
showed distinct pleomorphism and usually occupied about four-fifths of the 
cell; the chromatin was coarse and one or more nucleoli were frequently present. 

The histologic changes in these animals resembled those observed in the 
lymphoblastoma of AKR mice. 

Attempts were made to pass two of the other spontaneous leukemias with 
both tumor cell suspensions and brain filtrates. Those attempts were unsuc¬ 
cessful in 8 C3H and 31 CSIIeb mice. 

There were a total of 1,538 CSHeb mice over 22 weeks of age in our breed¬ 
ing colony which had never been used for experimental purposes. Those in¬ 
cluded 827 females and 711 males. This gives an incidence of 1.1 per cent in 
females and 0.4 per cent in males, for an over-all incidence of 0.6 per cent. This 
is similar to the incidence of 3 in 545 (0.6 per cent) females and 1 in 273 
(0.4 per cent) males in Dr. Elizabeth Fekete’s studies at Jackson hlemorial 
Laboratory.^ 

Transmission hy Means of Ttimor Cell Susf)ensions. —The data for the 
transmission of the C3H lymphoma 1)3' means of tumor cell suspensions are sum¬ 
marized in Table I. 
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TARrr I Hr^viT^ of Intpai E'rroNEtr iNOcirrATios Or C^Ff Micf \Mtii Tumo) 
CfII St‘ nPFN'SION*? 


CKOur 

1 I tril ILXT STr VINS 

1 SF\ 

PAxaEoi- j 
SI K\ IV \r, ! 
(DWS) j 

1 so 1 

rxinpi 1 
MENTS 

EO I FI KEMIC i 
NO IXjrrTFi) 

I FI Cl XT 

lEUKFMIC 

1 

C3Heb (Jax) 

!• 

10 17 

7 

i0/40 

97 


C3Heb (J'lx) 

M 

9 21 

30 

56/59 

95 

3 

C3H (Jax) 

F 
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7 

31/31t 

100 

4 

C3ir (Jax) 

M 

13 30 

3 

22/25 

88 

3 

C3H (CJinFon) 

F 

JO 13 
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H/iO 

OJ 
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C3H (Clinloii) 

M 

n 15 

1 

O/IO 

90 
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C3H (Heston) 

F 

9 14 
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n/35 
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C3H (Heston) 

M 

10 22 

3 

34/14 

100 

0 

G3H (Koekhnd) 

F 

17 21 
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4/20 

20 

30 

C3H (Rockland) 

M 

16 21 

1 

4/10 

40 

11 

C3H X 101 (Clinton) 

F 

13 IS 

4 

19/24 

70 

32 

C3H X 101 (Clinton) 

M 

14 20 

4 

27/-{4 

70 





53 

293/ 

86 


♦One animal sur%l\e(l 3o Jajs 

tFi\e animals (in one experiment) that died of infection within the first 3 dajs ifter 
inoculation are not included 


1 In Gionp 7 all animals succumbed to the finnsplanted hmphoblastoma 
in 4 of the experimental gioiips In one |?roup, all 4 animals slUM^ecI the 
tuinoi cell inoculation 

2 In Groups 11 and 12, 12 mice died of a salmonella infection In all 
others l 3 Tnphoblastoma de\ eloped 

3 Significant diffeiences aie not apparent botueen the susceptibility’ of 
the sexes, or the substiains, nith the exception of the C3H (Roeldand) mice 
(Gioups 9 and 10) Although only a feu expeiiments uith these animals ha^e 
been done, it appeals that their susceptibilty to this tumoi is far less than that 
of the other substrains 

4 Data do not indicate any significant diffeience bet^^ccn isologous and 
homologous passage of the tumoi Of the 53 expeiiments, 21 iieie made uithiii 
the substrain, and 32 ^^ere aeioss substiain lines Neither the incidence noi 
the latency is influenced by the souice of the tumor, oi by continuous passage 
One tumoi line has been inamtaincd thiough 14 passages Leukemia developed 
in 9 out of 10 mice in 17 to 20 days in the first passage, and developed in 10 
out of 10 m 13 to 18 days in the fourteenth passage 

Tjansjmssio?i hy Means of Cell-Free Brain Filtrates —The data for the 
tiansraission of the C3H lymphoma by cell free brain filtiates aie summari7ed 
m Table 11 

1 There is no significant difference in eithei incidence oi latencv’ with 
1 egaid to the sex of the lecipient 

2 The low incidence of leukemia in Group 3 is accounted foi in pait bv 
the fact that 6 animals of one group died withm 48 houis aftei injection In 
terestingly’, however, in none of the 5 mice of the othei gioup in this same ex 
periment did leukemia develop when the filtrate of a C3TI (Jax) brain was used 
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for filtrate source. This same filtrate failed to produce leukemia in any of 10 
CSIieh (Jax) mice when inoeidated intraperitoneally (Group 5). In one other 
experiment, a filtrate prepared from tlie brain of a 0311 (Heston) mouse failed 
to induce leukemia in any of 5 female C3II (Heston) mice inoculated intra¬ 
peritoneally (Group 13). 


Table II. Results of Inoculation op C3H Mice With Cell-Fkee Brain Filtrates 


GROUP 

RECIPIENT STRAINS 

■ 

ROUTE 

INOCUU 

RANGE 

(DATS) 

SURVIVAL 

NO. 

EXPERI¬ 

MENTS 

NO. LEUKEMIC 

NO. INJECTED 

PER CENT 

LEUKEMIC 

1 

C3Heb (Hektoeii) 

F 

I.C. 

14-29 

3 

12/13 

92 

2 

C3Heb (Hebtoen) 

M 

I.C. 

14-29 

3 

16/16 

100 

3 

C3Heb (Jax) 

F 

I.C. 

13-17 

2 

4/15’‘ 

27 

4 

C3Heb (Jax) 

M 

I.C. 

14-25 

5 
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93 

5 

C3Heb (Jax) 

F 

I.P. 

9-17 

4 

23/34 

67 

6 
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M 

I.P. 

14-20 

1 

9/10 

90 

7 

C3H (Jax) 

F 

I.C. 

12-20 

4 
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100 

S 

C3H (Jax) 

F 

I.P. 

13-28 

3 

15/15 

100 

9 

C3H (Jax) 

it 

I.P. 

22-27 

1 

5/5 

100 

10 

C3H (Clinton) 

F 

I.C. 

12-18 

1 

14/15 

93 

11 

C3H (Clinton) 

F 

I.P. 

10-15 

2 

23/25 

92 

12 

C3H (Clinton) 

M 

I.P. 

12-21 

3 

38/40 

95 

13 

C3H (Heston) 

F 

I.P. 

11-15 

3 

9/14 

65 

14 

C3H (Heston) 

M 

I.P. 

10-19 

2 

9/9 

100 

15 

C3H (Rockland) 

F 

I.P. 

38-46 

1 

2/10 

20 

16 

C3H (Rockland) 

M 

I.P. 

10-37 

2 

11/20 

55 

17 

C3H X 101 (Clinton) 

F 

I.P. 

13-29 

5 

35/39 

89 

18 

C3H X 101 (Clinton) 

i\r 

I.P. 

13-29 

3 

16/27 

60 






48 

309/378 

82 


l.C. = intracerebral. 

I.P. = intraperitoneal. 

•Six animals that died within 48 hours of inoculation are included. 


As in the passages with tumor cell stispensions, the significantly lower 
incidence in C3H (Rockland) mice (Groups 15 and 16) should be observed. 
The latent period for the development of leukemia in C3H (Rockland) females 
also seems longer than in any of tlie other mice, and although the males of this 
strain also show some delay in the development of leukemia, the degree is much 
less striking. 

3. Significant differences were not demonstrable in the results regardless 
of isologous or homologous brain filtrates. Of the 48 experiments, 27 were 
within the substrains and 21 were across substrains. Continuous passages, up 
to 5, did not influence either the latene 3 ’- or incidence of the development of 
leukemia. In 15 of the 48 experiments the filtrates were prepared from the 
brains of mice in which leukemia developed as the result of the inoculation with 
tumor cell suspensions. Of the 141 mice inoculated with these filtrates, leu¬ 
kemia developed in 120 (85 per cent). This was similar to the incidence in the 
other 33 experiments, indicating that there is no significant difference between 
the various sources of the brain filtrates regarding their ability to produce leu¬ 
kemia. 
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4. In addition to tlie animals shown in Table II, 14 animals ivero injected 
snhcntaneoHsly with eell-free filtrates ot brain. Ten o£ those were less than 
24 hours old at the time ot injection. In all 10 of these mice .subentaneons tu¬ 
mors developed at the injection site (Pig. 1); moreover, disseminated disease oc¬ 
curred, and the animals died in from 20 to 50 daj-s after injection. The re¬ 
maining 4 animals were 1 week of .age at the time of inoculation. In 2, leu¬ 
kemia developed in 20 and 26 days. 



Fiff. 1.—Fift>-tlTj-old C3Heb mouse Injected as newborn with cell-free brmn filtrate Ma‘^«!I^e 
subcutaneous 1> mphosarcoma at site of injection 


5. Twenty mice ^^crc injected with a cell-free brain filtiate wliicli had been 
exposed to 100,000 r dchveied by tlie Teiccobalt''® inacliino Leukemia de- 
\ eloped in 11 of these mice. 


Taiu.k III, Resuits of Inocuuatiox of C3H Mick With IIfat Inactuatfd 
Braix Filtrates 


source of 
filtrate I 

recipient 

STR MN'S 

POl TE OF 

INJFCnON 

lmif\tfd 

NO I EUKFMIC 

NO INJEClUi 

IIFATED 

NO leukemic 

NO IN’JFCTFD 

C3K (Jax) 

C3H (JaN) 

IP. 

15/13 

0/10 

C3H (JflN) 

C3H (Jax) 

IP 

13/15 

0/10 

C3Heb (Ja\) 

C3n (Clinton) 

I.C 

l-i/lo 

0/8 

C3H (Clinton) 

C3H (Clinton) 


10/10 

0/10 
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The Effect of Inocutation of Control Brain Filtrates Into C3H Mice ,—The 
results uutli heat-inactivated (65° C. for 45 min.) leukemic brain filtrates arc 
summarized in Table III. Female mice were used in these experiments. It is 
apparent that heat inactivates the filtrates. 

The results of inoculating C3H mice with cell-free brain filtrates prepared 
from nonleukemic C3H mice are summarized in Table IV. Leukemia did not 
develop in anj' of the mice so treated. 



I 


Pig- 2—^Adult C3H mouse, 14 da>s after intracerebral inoculation of cell-free brain 
filtrate Note massive diffuse mesenteric imoUement with invasion of kidneys and g-enital 
organs 


Pathologic Changes .—The gross appearance of the induced leukemia is 
illustrated in Fig. 2. The characteristic is a massive, diffuse infiltration of the 
mesentery with involvement of the urogenital organs, the involvement fre- 
quentlj^ extending through the peritoneum to infiltrate the abdominal and 
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perispinal nnisculatiire Iinohemeiit of the liver and spleen vanes from slight 
to massive Peripheial hmph node involvement is iisiiallj onlr moderate, and 
thvTnic inrolv ement is modest 


Tabie IV Efsuits of Inocuijvtion of 0*111 Mice Mitii Xovlfokfmic 

BFAIN FirXPVTFS 


SOI PCEOF 
FILTn-VTE 

FFCIPIENT STPAIN 

SP\ 

BOUTE OF 
INJECTION 

NO 

EXrFPI 

VfFNT 

NO LEUKESriC 

NO INJECTFD 

C3H (J-w) 

GUI (Tax) 

P 

IP 

2 


cm (Ja^) 

C3n (Clinfon) 

M 

TP 

2 


Caileli (Jax) 

C3H (Clinton) 

P 

IC 

2 

0/15 

CSir fciinton) 

C3H (Clinton) 

P 

IP 

i 

0/10 


The histologic changes arc tvpical of mouse Ivmphohlastoma and are indis 
tinguishahle fiom those described prcvioiislv jeg«ardmg Swiss mice’ 

Among the 25 animals whose blood was studied, the presence in 9 of at least 
5 pci cent primitive IvTuplioid cells was consideiod diagnostic of “leukemia “ 
"Wlicncver the blood was considcied diagnostic, the mairow was alvvavs franklv 
involved Of the 6 animals whose blood was not considered diagnosticallj 
characteristic, diffuse oi massive jnfiUiation bv tumor ccUs vras present in the 
marrow 

DISCUSSION 

The induction of leukemia m C3II mice bv means of cell free brain filtrates 
adds fvutlici evidence to the thesis that leukemia mav be induced bv an agent 
present in cell free extracts of brain The chaioctcnstics of this agent with 
legarcl to resistance to roentgen rav, heat inactivation, and filteiabilitv are 
comparable to those previoush described for the filtrates prepaied from the 
biains of AKR* and Svnss’ mice and from the brains of patients dvnng of acute 
leukemia ^ 

As vvith the othei filtrates, the pciceiitage of animals in which leukeima 
dev eloped after inoculation is high, and tends to approach an all or none re 
sponse Occasionallj, leukemia fails to develop m whole groups of animals 
when inoculated witli a brain filtrate Resistance in these animals leprcsents a 
phenomenon different fiom that observed in C3H (Rockland) mice in which the 
incidence of leukemia is low as induced with both tumor and filtrate In the 
case of filtrate induced leukemia, the substiam seems to have a specific resistance 
to the leukemia In tumoi induced leukemia, there is no resistance to tumor cell 
inoculation, resistance to filtiate inoculation usuallv occurs in whole groups oi 
animals inoculated with the same filtrate Poi tins reason it appears that these 
negative experiments result from a function of the filtrate rather than of the 
host 

The induction of leukemia bv a cell fiee brain filtrate compels the question 
rcgaidmg the mechanics of leukemogenesis Pathogenic studies’' demonstrate 
the multicontiie oiigin of this disease Thej suggest that the pluripotential 
mesenehvmal cells aie capable of uiideigoiiig leukemic tiansfoimation anjwvhere 
m the hodv 











240 


SCHWAETZ, SCHOOLMAN, AND SPUKRIEB 


J. Lab. S( Clin. Med. 
February, J959 


We believe that the cell-free brain filtrate is rich in the virns which, 'wiiether 
injected intracerebrally or intraperitoneally, becomes rapidly disseminated, and 
begins to multiply. The mesenchjnnal cell proliferation characteristic of this 
viims miiltiplication is a defensive host reaction. In the newborn animal, the 
more primitive and energetic mesenchymal host reaction is capalfie of producing 
subcutaneous tumors at the site of injection in addition to producing a dis¬ 
seminated disease. 


SUMMARY 

1. Spontaneous leukemia developed in a 22-wcek-old male CSIIeb mouse. 

2. Tumor cell suspensions obtained irom the ovigina] leukemic mouse or 

from other mice to which leukemia was ti’ansmitted when injected into various 
C3H substrains and 0311 101 hybx’ids caused leukemia in 293 of 341 mice 

(86 per cent). 

3. Cell-free brain filtrates, similarly obtained, inoculated into the same 
substrains induced leukemia in 309 of 373 mice (82 per cent). 

4. The experiments further suhstantiate the thesis that leukemia may be 
induced in the mouse by a cell-free agent having the characteristics of a virus, 
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SEROLOGIC REACTIONS IN ADENOVIRUS DISEASE 
I Dflviei) Coaipl.fment Fimnc Antibod\ RESro^SE 
J VMFS 0 CuL\ IR, M D , Edw H Levnettf, j\I D , Ph D , and 
IjUcilf GnFFiN, B A 
Berkele\, C\uf 

D uring the past se\eial 3 eats thcic has been steadilj incieasing evidence 
to implicate ecitain members of the adcnoMius familj as impoitant in 
tho causation of respiiatotj disease in militaiy populations The syndromes 
vith vhich tho implicated mhis tj’^pcs ha\c been associated co\er a spcctuim 
that langes from relatncl} simple iippci icspiratorj infections to atjTpical 
pneumonias of 'vai’^ing sesciitj * ® 

Laboiatoiy techniques applicable to the ctiologic diagnosis of adenoMius 
disease include Mnis isolation, neutialization tests, and complement fixation 
tests ^^ The first t^\o methods arc quite cumbeisomc and even the color 
imctiic modification of tho neutialization test desciibed bj Lennette and 
associates® is idatively time consuming and must be ngidlj controlled Fiu 
thermoie, isolation of an adcuoMrus from a patient docs not nccessaiilj pio\c 
its causal relationship to the illness 

Complement fixation tests, on the othei hand, aftoid a faiily simple means 
of detecting adenoMUis infections, and the lelatnc simplicitj of the technique 
peimits its application to faiilj laigc gioups of indnidinls Although the 
method docs not identify'- tlic adenovmis seiot^pe icsponsible foi the infection 
the technique can be utilized with a considciablc degiee of accuiacj in epi 
demiologic studies, paiticulailj when ancillai^ knowledge is avaiHble as to 
the sciotjpes that aie opeiatiiig m the population undei studj In serologic 
tests for the diagnosis of viial infections, and including those for the adciio 
viiuscs, a diagnostically significant finding is considcied to be the occuircnce 
of a fouifold 01 gieatei rise in antibod> titer dunng the couise of the illness 
The detection of increases in antibodj is based on the examination of multiple 
serum specimens The fiist specimen is obtained early in the couise of the 
illness, and the second specimen is usuallj obtained about two weeks aftei 
the fiist It has been oui expeiience that this geneialization is applicable to 
the study of adenovinis infections, but exceptions have been encountcicd and 
foim the basis ot the pieseiit lepoit In this connection it is notewoithy that 

From tlie Viial and Rickettsial Pisea^e Laboi^itorj C ilifornia State Dtpaitinent of 
Public Health Berkelej 4 Calif 

The studies on which this piper is bnsel were conducted under the au^picc'i of the 
Commission on Influenza Armed forces Lpldemlologicil Board an I supported bj the Omce 
of The Surpeon General Department of the Vrinj 
Received for publication July 17 1D58 


241 



242 


CULVER, LBNNETTE, AND GREEN 


J.Lab.& Clin. Med. 
February, 1959 


the iJatient from whom the prototype RI-67 strain of type 4 adenovirus was 
isolated did not show a rise in complement-fixing antibody level at 14 days 
after onset of illness, hut a rise in antibody titer was detected at a later time.^ 

MATERIALS AND METHODS 

Collection of Serwin Specimens and Throat Washings. —Tlie blood samples and throat 
Tvashings examined in this study were collected in the course of a more comprehensive 
study of respiratory disease conducted at Port Ord, Calif., from September, IQSf, through 
August, 19oo. A part of that major stud 3 ' was concerned with the proportion of patients 
admitted to the Station Hospital with respirator}' disease attributable to infection with 
an adenovirus. 

For purposes extraneous to this report, 3 blood samples were obtained wlierever 
feasible from men admitted to the respiratory disease wards of the Station Hospital. 
Feasibility depended on the individual’s remaining on-post sufficiently long to permit col¬ 
lection of the second and third blood samples. The first specimen (acute phase) was ob¬ 
tained as soon as possible after the onset of illness; the second (convalescent phase) was 
obtained, insofar as possible, 14 days thereafter; and the third specimen (late convalescent 
phase) was taken 14 or more days after the second. 

Throat washings were not obtained from every patient because of the technical 
burden posed by the collection and testing of such a huge volume of material. Instead, 
washings were collected from a cross-section of the population, namely, from 434 of the 
3,060 patients admitted to the study; the specimens were obtained at the time the first 
blood sample was taken. 

Laboratory Tests Employed .—These consisted of the complement fixation and neu¬ 
tralization tests and virus isolations. 

Complement fixation tests wore done according to the technique employed in this labora¬ 
tory for some years and described in a recent compendium on diagnostic methodology.o Tlie 
antigen consisted of HeLa cell cultures infected with the EI-67 strain of typo 4 adenovirus. 
Sets of serum samples (first and second, or first and third specimens) from the same indi¬ 
vidual were always examined simultaneously in the same tests. 

Neutralization tests were done by the colorimetric technique described in another com¬ 
munication from this laboratory.s Acute and late convalescent phase serum specimens from 
the same individual were always examuied simultaneously in the same test. Three adenovirus 
serotoj-pes, viz., 3, 4, and 7, were used. The type 3 strain was the GB strain, the type 4 was 
the EI-67 strain, and the type 7 was the Gomen strain. 

Virus isolation w-as based on the use of HeLa cell culture systems. Identification and 
typing of cytopathogenic agents as adenoviruses were done by the colorimetric method,s 
and monotypic antisera (rabbit) were employed. 

RESULTS 

During the pexfiod of this study, adenoviruses tvere recovered from 129 
of the 434 individuals from whom throat washings were collected and tested. 
Subsequent typing of these 129 adenoviruses showed the following distribution 
of serotypes; 1 of type 3, 85 of type 4, and 43 of type 7. 

The multiple serum specimens from those individuals from whom an 
adenoviius had been isolated were examined for their complement-fixing and 
neutralizing antibody levels, and the findings evaluated against vims isolation 
as a base line. 

Delay in the Appearance of Complement-Fiioing Antibody .—Collation of the 
results of the complement fixation tests with the results of virus isolation 
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tests le^ealccl that in 320 of the 129 patients fiom ■whom an acleno^iiiis was 
isolated, a fourfold or pi eater nse in antibody titer occuiicd dunng the ap- 
pioximate 2-wcek intciwal beU\ccn the drawinp of the acute phase blood 
specimen and the caily comalesccnt phase blood specimen Stated in other 
teims, a diapnostieaUy significant rise in conipIcnicnt-fi\ing antibody titer %\as 
encounteicd in 93 per cent of the patients fiom whom an adenovinis -was 
reco\eiod The icmaining 9 indiriduals fiom whom an adenorims had been 
isolated showed no nse in complement-fixing antibody titer in the intenal 
bct\\een the acute and eaih' convalescent phase bleedings The findings on 
these 9 patients aie presented in Table I. It vill be noted that the acute 
l)hase blood specimens had been obtained vithm 5 dnjs ot the onset of illness, 
and that the eaily eonvalcseent phase specimens had been obtained from 14 
to 20 days after onset The absence of antibody at these lelativcly late periods 
after onset of illness hoic no obvious i elation to the sciotype of the virus 
lecoveied, inasmuch as 1 patient jncldcd a type 3 \inis. 5 patients jnelded 
a tj’pc 4, and 3 patients jncldod a tJ^)c 7 Aims These eases were not lestricted 
to any one tempoial period, but occuned thioughout the studj year and weie 
intcimingled A\ith a much larger numbci of patients fiom whom an adenoAiius 
was isolated and who showed diagnostically significant rises in eomplement- 
fi\ing antibody titoi. 


Tabif r Ausencf, op Dei^aaed Appearance, of Cojiflemfst Fiaino Antiboda is 
Adesoairus Disease 
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The tests on these seiologically negath'e patients weie repeated using the 
acute phase blood specimen and a third, or late conA^alescent, specimen, the 
latter specimens had been taken from 29 to 49 days aftei the onset of the re- 
spiiatorj' illness (Table I). As is shOAvn in Table I, in 7 of the 9 patients a 
significant lise in complement-fi'^ing antibody had occuned at some time din¬ 
ing the interA'al betAveen the second and thiid bleedings, i e , betAveen the time 
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the early convalescent and the late convalescent blood specimens had been 
taken. In two instances (Rnb.iect.s 4 and 8), the isolation of an adenovirus was 
not accompanied by the appearance of deteelablc amounts of complement- 
fixing antibody, even with blood specimens taken as late as 36 and 38 days 
after the onset of the illness. 

Relationship Between Vims Isolation and Neutralizing Antibody Titers .— 
To determine whether the situation with respect to neutralizing antibody 
paralleled or differed from that observed with the complement-fixing anti¬ 
body, neutralizing antibody levels were determined in the sera of those 9 
individuals described above and listed in Table I. Unfortunately, by this time 
tlie early convalescent phase (2 to 3 weeks) seimn specimens were no longer 
available, so that antibody determinations were performed on the acute phase 
and late convalescent phase blood specimens. As is shown in Table IT, a four¬ 
fold or greater rise in neutralizing antibody level was demonstrable in all 9 
individuals, including the 2 patients in whom no detectable complement-fixing 
antibody response was observed. 


Table II. Neutralizing Antibody Response in Patients in Whom Complement-Fixing 
Antibody Response to Adenovirus Infection Was Delayed or Nondemonstrable 
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A point of interest was the hetei-otypic nature of the neutralizing antibodj' 
response. In 4 patients (Subjects 1, 2, 3, and 6) the neutralizing antibody re¬ 
sponse was homotypic, and there was no evidence of an antibody response 
to a heterotype. In 4 other individuals (Subjects 4, 7, 8, and 9), the hetero¬ 
typic antibody response was greater than the response to the patients’ own 
infecting virus, i.e., the'homotypic response. In a fifth patient (Subject 5), 
who showed a rise in heterotypic antibody, the rise was of a slightly lesser 
magnitude than the rise in homotypic antibody. A sui’prising feature was the 
failure of all 3 individuals from whom a type 7 viras was isolated to develop 
neutralizing antibody to this serotj^pe; all 3 individuals responded, rather, 
with significant increases in type 4 antibody, and 2 of the 3 also showed diag¬ 
nostically significant increases in type 3 antibody levels. The number of in¬ 
dividuals (4 of 8) who responded heterotypically with type 3 antibody is quite 
high and appears dispropoitionate in view of the fact that a type 3 virus Avas 
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oncoiinteittl onl} once among 129 adonoMiiis isolations. It is also of inteiest 
that the gicatcst hctcrotjpic inci eases in t\pe 3 ncutializing antibodj oc 
cuned in the 2 patients (4 and 8) nho failed to shon demonstiahle amounts 
of coinplcment fixing antibodj in then blood e\cn one month aftei the onset 
of illness 

DISCUSSION 

The data picscnted do not impugn the ^alldltJ of studios using coniplc 
ment fixation tests as the pnmarj tool iii the diagnosis of adenoMius disease 
in adults The lack of coiielatjon betneen the isolation of an aduioinus and 
the appealance of a complement fixing antibod 3 iespouse ■within 2 to 3 ■weeks 
aftci onset of illness oecuirod in onh > pci tent of the 129 cases Undei some 
eiicumstanecs, howo^ei, such discicpancies might assume some impoitance 
It should be pointed out, howe\c!, that the losults jcpoitcd in this papei weie 
deined fiom studies duniig one jeni on a single, lathor homogeneous popu 
latioii of joung men, thus it is not inconccnablc that undei some ciicuni 
stances, as in a population group not prcMoiish exposed to infection, a greater 
lack of cou elation might he cncountciod 

Piioi to the completion of this rcpoit the pn))ei of Katz and associates^® 
described a disassociation between ncutializing and complement fixing anti 
body levels Then studies dealt with adenoMius tjpes 1 to 4 and were con 
coined with indniduals who could not be considcicd to be suffciing fiom 
ndenoMius disease, but who had lesidual antlbod^ The^ comment that the 
lack of consistent iclatioiiship bobveen ncutializing and complement fixing 
antibody descncs iiuthci considciation in relation to its significance in adeno 
■\iius infections and adcnoviius disease From one point of mow, namely, 
the piactieality of using complement fixation tests in the seiodiagnosis of 
adenoMiais disease, the data picscnted herein affoid a paitial answci None 
theless, it must he lemembeicd that this study was earned out in a circiim 
senbed group and that the results might be quite diffcieiit imdci othci con 
ditions Diffeicnccs might also be obsci\cd with othei adcnoMius types 

Thcic IS gcncial agicemcnt that adcno\inis tjpes 3, 4 and 7 aic, at 
picscnt, the most piomincnt causes of adcnoMiais disease in militaiy popuH 
tioiis in the United States (see piccis in \an dci Veen and Kok”) It is be¬ 
coming elcaiei that adenoiiius disease due to t\pc 3 ■vinis is, at least cunentlj 
of the least piopoitionate impoitaiicc The limited bodj of data piesentcd 
heicin suggest theie is a tendency for infections with tjpc 4 or tjpe 7 \iruses 
to elicit a hetciotypic antibody response to tjpc 3 viins This finding agiees 
with the observations of Hilleman and associates who noted that inoculation 
with vaccines eontaining only type 4 and tjpe 7 adcnovinises called forth an 
appieeiable use in antibodj to tjpe 3 uius J3otli obscnations thus affoid 
additional evidence foi the concept that disease due to type 3 \iiiis is rela 
lively less impoitant, incidence wise, in this age gioup (leeiuits) because of 
pieMous experience 
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SUMMARY 

In young men with respiratory disease there was usually good correspond¬ 
ence between the isolation of an adenovinis and the appearance of an increase 
in complement-fixing antibody in about 2 to 3 weeks. In 9 of the 129 cases, 
an increase in complement-fixing antibody in this period of time was not 
demonstrable, but in 7 of these 9 instances a definitive increase in antibody 
titer could be found after 29 or more days. In 2 of the 9 cases, complement¬ 
fixing antibody failed to rise even at this late time. 

When the acute and late convalescent phase sera were assayed for neu¬ 
tralizing antibody, a rise in titer was detected in all 9 individuals in whom 
demonstrable complement-fixing antibody either failed to appear or was 
delayed in appearing. The neutralizing antibody response was often hetero¬ 
typic, however, bearing no relationship to the virus serotj'pe isolated from 
the individual. 

The assistance ef Frederick J. Low, Captain, MSC, USA, in the collection of field ma¬ 
terial and of Mrs. Thirza Stevens and Miss Virginia Fox in the technical work is gratefully 
acknowledged. 
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MIXTURES OF COAGULASD POSITIVE STAPHYLOCOCCI AND 
STRAIN VARIATION IN SPECIMENS PROM CLINICAL SOURCES 

Eugene D Rosenblum, PhD, \^D J L AV Jvcksov, MA 
Dvllvs, Tews 

T he recognition of stapln lococcal strains eithei as discrete in origin oi as 
\aiiants of a common paiental stiain has been greatlj simplified in lecent 
jcais bj the dc\elopment and adoption of batteuophage t\ping methods ^ ^ 
The oeciuience of mixed gioi\th of staphylococci would be expected fiom the 
ubiquitous distribution and large mimbeis of known types Theie is a common 
tendency, liow c\ cr, to treat clinical specimens as containing only a single strain 
of a gi\ cn pathogen oi potentially patliogcnic species In the course of routine 
bacteriophage Uping of staplnloeoeci it was learned that a specimen so treated 
and recorded as nontipable, actually pro\cd to be a mixture of two tyiiable 
stxains with complementaiy patterns of phage sensitivib This obscr\ation was 
expanded into the following study of the incidence of mixtures of coagulasc 
positnc staphylococci in routine clinical specimens Staphylococcus Medium 
110 was found to markedly stimulate pigment development, pigment variation, 
theiefoic, was cmploved in the piesumptive detection of mixtures, followed by 
confirmatory tests of bacteriophage typing and antibiotic sensitivitv testing on 
the isolated stiains 


METHODS 

Eoutine clinical specimens receued by the bacteriology laborator\ at the Parkland 
Memorial Hospital were streaked on blood ngar plates Confluent growth from plates cou 
taming coagulasc positive staphylococci was transferred to trypticaso soy agar slants for 4 to 
6 Iiours at 37® C for enrichment and then streaked on plates of Staphylococcus Medium 110 
These were incubated 48 hours at 30® C and an additional 48 to 72 hours at room temperature 
(25® C ) Plates were examined daily after the second day for mixtures differing in pigmen 
tation Only mixtures in which both components were coagulaso positive by the slide coagulasc 
test were further examined for antibiotic sensitivities and typed with bacteriophages 

Tlie bacteriophage typing methods of Blair and Carr 2 were employed for typing the 
strains with a set of 25 typing pliages kindly supplied by Dr Blair 

Tiic resistance of each strain to 10 antibiotics and to triple sulfa was determined with 
the use of sensitivity disks (Baltimore Biological laboratory) 

RESULTS 

A total of 196 clinical specimens containing coagulasc positive staphylococci 
was screened for mixtures based on pigmentation Sixteen coagulase positixc 
mixtuies were obtained, ranging fiom pigmented plus v\hite stiains, leadilv 
detected by the first inspection, to pigmented mixtuies which did not differ in 
color intensity until the fourth day Most of the pigmented mixtures would 
not have been detected on the oiiginal blood agar plates 
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Mixtures containing a coagulase-negative component occurred frequently 
but were not included. 

Table I summarizes the results of bacteriophage typing and antibiotic sen¬ 
sitivity testing of the individual strains from the mixtures. Two specimens (3 
and 5) probably represent color variants since the members of each mixture 
differ only in the property of pigmentation. All other specimens are presumably 
mixtures of two distinct strains, and all but one (16) are composed of either 
two bacteriophage types or a typable and nontypable strain. Since one-third 
of all tlie strains studied were nontypable, a mixture of nontj'pable strains would 
be expected; therefore, Strain 16 was considered a probable mixture on the basis 
of differences in antibiotic sensitivity and pigment. Two specimens (15 and 15a) 
are identical mixtures from the same patient and are regarded as one mixture. 
Mixtures of two coagulase-positive strains were therefore obtained from 14 
individuals, or 7 per cent of the total number of specimens. 

Several of tlie bacteriopliage patterns are typical of the hospital strains of 
staphylococci and are probably hospital-acquired. In one individual (4) in¬ 
fection with the typable component is of a transient nature, since .specimens 
taken before and after the mixture appeared were pure cultures of a nontypable 
strain. In another individual (3), however, strain 44A replaced a previously 
isolated nontjq^able strain. 

All of the strains from the mixtures were sensitive to neomycin and car- 
bomycin and resistant to polymyxin B. Variable results were obtained with the 
other antibiotics. For simplicity, only differences in sensitivity are recorded in 
the table, and it can be seen that in almost all mixtures one strain is generaUj’’ 
raoi'e resistant than the other to one or more antibiotics. 


Table II. VAKrATioN Observed in 31 Cmnicai. Specimens Containing Staphylococci op 

Type 80/81 



t 

NUMBER OF SPECIMENS 

PHAGE PATTERN 

i PURE STRAINS j MIXTURES OF COLOR VARIANTS 

A. 52/42B/S1 

5 


B. 62/42B/44A/81 

20 

2 

0. Mixture of A and B 


3 

D. Mixture of 
52/52A/42B/44A/81 
and 

52/52A/42B/81 


1 

Total 

25 

6 


From these results it would seem that pigment variation within a strain is 
not common, having occurred in only two instances in the above series. How¬ 
ever, we have recentlj’- observed that clinical specimens containing staphylococci 
with bacteriophage pattern 52/42B/81 (type 80/81^) included a number of 
light- and dark-pigmented variants. In a hospital outbreak caused by this type, 
a sei’ies of 31 specimens, primarily nasal swabs, were positive for the epidemic 
staphylococcal strain. Six of the specimens were mixtures of pigment variants 
and, of these, 4 also varied in bacteriophage tjqiing pattern (Table II). 
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Variation in sensitivity to bacteriophage 44A has been previously reported 
for this staphylococcal tj’pe.^* ® The strain sensitive to bacteriophage 52A may 
differ from the type 80/81, although by the criteria of AVilliams and Rippon' 
they would be considered the same strain. There is some indication, however, 
that isolates with a typing pattern 52/52A/42B/S1 are not as virulent as tj-pical 
strains of tj'pe 80/81.® 

Differences in antibiotic sensitivity were not observed within these mixtures 
containing type 80/81 strains, although some variation occurred between strains 
from different specimens. The degree of pigmentation did not correlate with 
sensitivity or resistance to phage 44A. 

DISCUSSION 

The observed 7 per cent incidence of mixed growth represents a lower limit 
since primarj’ detection is based on a single property, pigmentation, and is not 
of sufficient sensitivity to detect mixtures in -which one component occurred in 
proportions lower than 1 per cent. The ratios may also have been altered by 
the preliminary, but unavoidable, subculture. The method is sensitive enough, 
however, to detect mixtures not apparent on the original blood agar plates. The 
proportion of samples with mixed growth agrees closely with that observed by 
Bynoe and associates^ but is considerabl}'- less than the 12 per cent observed by 
AVallmark.® VHien mixtures are not recognized as such and are regarded as pure 
strains, the laboratory findings may be misleading. Bacteriophage typing and 
antibiotic sensitivity testing of an isolated colony would give a different set of 
results than similai’ tests performed on the mixed gj’owth. This may be of par¬ 
ticular importance if the two strains differ in virulence and treatment is based 
on the laboratory findings for the strain of lesser virulence. The possibility of 
mixed infection should be considered in instances in which response to therapy 
does not coincide irith laboratory findings of antibiotic sensitivity. 

The lysogenic state, common in coagulase-positive staphylococci, undoubt¬ 
edly influences the prevalence and stability of such mixtures, since phage 
carried by one strain may lyse or lysogenize the other. A superinfecting strain 
can thus have a transient existence, can replace the original strain, can interact 
to produce new types, or may coexist as a stable mixture.® Such interactions 
may be a factor in the variability of type 80/81 which has rapidly spread and 
colonized in hospitals throughout the world.*' If this type superinfccts the 
nasal passages of a staphylococcus carrier, the interaction and lysogcnization 
may produce the variation which -we have obsen'cd. Another possibility is that 
type 80/81 has a higher spontaneous mutation rate than other strains of staph¬ 
ylococci. Variation in sensitivity to antibiotics reported from different localities 
for this type* might be evidence of genetic instability. 

SUMMARY 

1. Fourteen of 196 routine clinical specimens containing coagulase-positive 
staphylococci were shown to be mixtures of two strains. 

2. The pairs of strains in these mixtures differed in pigmentation, sensitivity 
to one or more antibiotics, and in bacteriophage typing pattern. 
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3. Strains of bacteriophage type 80/81 showed a relativelj^ high degree of 
variation in pigmentation and in bacteriophage typing pattern. 
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ROLE OF ADRENAL IIORJIGNES IN LYMPnoCYTE JtOBILIZATION 
IN THE RAT 

J. YL IIOLLINGSWOnTH, jM.D.* 

AVest ITvve.v, Coxx. 

I N A previous study we described a metliod for replacement-transfusion of 
rats with donor blood that had been rendered leukocyte free.* Rapid re¬ 
moval of blood was achieved by this technique, and the rate of leukocyte 
mobilization from storage areas for leplcnishment of the circulating blood 
leukocyte levels could be studied. The remarkable thing about tliese experi¬ 
ments was the extreme mobility of Icxikocytc reserves in the rat, so that total 
replenishment of the circulation occurred within 10 to 30 minutes after 
cessation of active leukocyte removal. Repeated periods of leukocyte lemoval 
failed to exhaust the rcser\cs. Equally striking was the observation that both 
granulocytes and I>Tnphocytcs were brought back into the blood stream in 
quantities necessary to restore their original levels. 

From these observations, we concluded that the rat has large pools of 
readily available, preformed leukocytes. Because of the rapidity wdth which 
these leukocj'te ^cse^^cs entered the blood stream, it seemed clear that they 
W’cre in or near vessels from which they could enter the general circulation 
In the previous studies, we found no clue to factors that might control 
the magnitude or mobility of these leukocyte reserves Many studies have 
indicated the important role of the adi-cnal hormones in the quantity of 
lymphoid tissue, and Dougherty and AYhitc- have emphasized the lymphopenic 
effects of adrenal hormones in lodents. Since the leukocytes of the rat arc 
mostly lymphocytes, the present study was undertaken to dctei'minc what 
effects, if any hypophyscctomy, adrenalectomy, or cortisone therapy would 
have on the readily mobilized leserves of IjTuphocytes in the rat 


JIETUODS 


Sprague-Dawloy or Sherman strain rats were used in all experiments Ilcpaiinizcd 
donor rat blood was obtained by cardiac puncture, was centrifuged, and tlic huffy coat re 
mo\cd by tlic metliods previously described 2 The reconstituted donor blood regularly had 
leuhocj te counts of less than 500 pei mm ’ 

The replacement transfusions were performed using the previously described technique. 
Donor blood ^vas injected into a femoral xem plastic cannula at a rate equal to the spon 
tancous outflow from a cannula in the femoral artery. Replacement transfusions of 20 ml, 
found to represent at least 80 per cent blood volume replacement,! were accomplished withm 
5 minutes or less. 


From the Medical Sei\lce Veterans Administration Hospital West Havon. Conn . and 
the Department of Internal Jledicine Yale University School of iledlcine. New Haven, Conn 
Funds for this study were obtained from the Veterans Administration and from Grant 
No SAR/AT (30-1) 1926 of the U S Atomic Energy Commission 
Received for publication July 10, 1958. 

•Chief, Jfedical Service, Veterans Administration Hospital, ’Went Ha\en Conn, and 
Assistant Professor of Jledicine, Yale University, New Haven, Conn 
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Total and differential leukocyte counts from blood samples obtained from the arterial 
cannula were made before, immediately after, and at varj’ing times during the recovery' phase. 

Replacement transfusions were performed on rats weighing approximately 250 grams. In 
the experimental groups were: (1) 5 rats of the Sherman strain that had been adrenalecto- 
mized 1 to 11 days before study', and had been maintained u^ith the subcutaneous admin¬ 
istration of 0.5 mg. of desoxycorticosterone acetate (DOCA) daily and 5 per cent glucose 
in saline for fluid intake; (2) 5 rats of the Sprague-Dawley' strain that were hy'pophy'secto- 
mized approximately' 2 weeks before use*; and (3) 7 rats treated with 5 mg. cortisone 
acetate (Merck) subcutaneously for 14 days before study'. Although extensive experience 
mtli normal animals had been gained in previous studies, appropriate sham-operated or 
injected rats were used as controls. In daily' experiments, both an experimental and a 
control animal were subjected to replacement transfusion with identical donor blood. 

TOTAL LEUKOCYTES- TOTAL LYMPHOCYTES- 





_. ,_Vlean changes in leukocytes and lymphocytes during and following leukocyte replace- 

r'S' ' ment transfusion. 

•Obtained from the Endocrine Laboratories, Madison, "U is. 
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RESULTS 

As anticipated, the peiiplicial blood leukocjtes (piedommaiitly lympho 
cytes) 11016 incieased in adienaleetomizcd and hjpophjsectomized animals as 
a concomitant of their inci eased lymphatic tissue Comeiselj, the coitisone 
treated anmials had Ion total leukocyte and lymphocyte levels con elating with 
the geneial decrease in lymphoid tissues follovung adicnal hoimoiie therapy 
These differences vvcic maiked, with the mean total leukocyte level of the 
adienalectomized group 19,100 nim“, of the hypophjsectomized gioup 21,600 
mm and of the cortisone tieated gioiips only 7,200 mm “ The marked 
leukopenia and lymphopenia of the cortisone treated rats is statistically signifi 
cant (P>0 05), using the ranking test of White,“ when compaied mth either 
the adienalectomized, hypophysectomized, or the contiol saline inyected rats 

n ADRCfULECTOMY 



Fig 2—Comparison of the percentage change m lymphocytes of adrenalectomized h>po 
phy«iectomize(l and cortisone treated rats 

These 3 groups of animals with markedly diffeient lymphatic tissues were 
subjected to leukocyte leplacement tiansfimion The results of mean total 
leukocytes and total lymphocyte changes are sho\\’n in Fig 1 In all groups, 
considerable mobilization of leukocytes (mostly lymphocytes) occuiied during 
the approximately 5 minutes required to complete the transfusion procedure 
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This acute mobilization of cells Avas manifested by the fact that the calculated 
80 pel’ cent blood A’olume replacement resulted in only 60 per cent or less 
decrease in leukocytes. Kecovery to approximately initial levels occurred in 
all instances in 20 to 30 minutes, but no significant increases aboi’C initial 
IcA^els Avere noted. Although the cortisone-treated group had the low total 
lymphocyte count, the lymphocyte recovery curve, calculated as per cent of 
initial value, appears even more brisk than in the other groups (Fig. 2). 
Ei’en the quantitative mobilization during the first 30 minutes (increase of 
approximately 5,000 lymphocytes per mm.^) is not inconsiderable. 

DISCUSSION 

Adrenalectomy and hypophysectomy caused the expected increase in 
peripheral blood lymphocytes in the rat, and cortisone therapy resulted in a 
marked Ijunphopenia. Wlven lymphocytes were removed during the course 
of a total leukocyte replacement transfusion, the cortisone-treated rat exhibited 
good ability to mobilize IjTnphoejdes back to the initial circulating level. It 
Avonld seem, then, that cortisone therapy, although altering the total lymphatic 
tissue, does not significantly change these l.>unphocytes that we have termed 
the “ready resen’e” for blood entry. 

Of interest was the fact that this brisk mobilization of Ijunphocytes in the 
cortisone-treated rats did not exceed the initial value. The mobilization, then, 
ceased rather abruptly at the original lymphopenic level, without any tendency 
to return to normal or even higher leukocyte levels. We have noted this type 
of “thermostatic” control of circulating blood leukocyte levels in other studies. 
The adrenals play a presumably significant role in setting this level for the 
circulating lymphocytes in the resting animal and, if so, u'ould logically be 
responsible for controlling the cessation of rapid mobilization in response to 
our procedure. 

In none of our studies to date have we been able to significantly exhaust 
the leukocyte resen’es of the rat, regardless of modification of the animals by 
operation or drags. Since the total magnitude of the lymphocyte stores has 
not been determined by our method, they might be markedly depleted in the 
cortisone-treated animals that seem to respond so readily. GoAvans^ certainly 
has demonstrated that chronic removal of Ijanphoeides from the circulation by 
thoracic duct drainage does cause eventuUl lymphopenia. 

The significant aspects of these obserAmtions, hoAA’eA'^er, is the fact that 
depletion of circulating lymphocytes by cortisone does not abolish these readily 
mobilizable cells. The biologic functions of such ready reserves are not clear, 
but the fact that they seem to remain, CA'cn in the animal depleted in lymphoid 
tissue, suggests that they are of some importanee to the rat. 

SUMMARY 

1. The effects of increased lymphopoiesis (hypophysectomy and adrenal¬ 
ectomy) and of decreased lymphopoiesis (cortisone therapy) on the response 
of rats to sudden depletion of blood leukocytes by replacement transfusion Avas 
studied. 
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2 Depletion of lenkoc.vtcs by this technique Y'as followed by a ictuin to 
ossontinlly base-line le\els uithin 30 nihiiitcs as h-mpliocUos ucie lapidl.-s 
niobili/cd fiom body stores 

3 E^en se\ercly lyinidiopenic lats (eortisono-tio.ited) c.\hil)itod i.ipid 
mobilization ot lymphocytes, although thcic was little tendency to exceed the 
initial blood Ie\els 

We nould like to tlmnk Mi«s SfiraU E Mair for technical a‘»sistance in this study. 

The actual leukocyte lalucs obtained m the indnidual experiments are available from 
the author on request 
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LABORATORY METHODS 


PEODUCTION OF MAGNETICALLY CONTROLLED VASCULAR 

OBSTRUCTION 

August Buermann, M.D.,* and Alvin S. Bluiw, Sc.B.** 

Coral Gables, Fla. 

I N STUDIES necessitating the occlusion of blood vessels there is a need for a 
controllable and nontraumatic method of obstruction. Clips or ligatures are 
frequently used on large vessels, witli resulting local trauma. It is possible to 
obstruct small vessels by the injection of microspheres, which eliminate trauma, 
but generally obstruct all small vessels.* Heat and chemicals have been used to 
infarct capillary beds, but these are extremely traumatic and may obscure the 
pathology. 

The technique developed here employs a magnetic field applied to the ex¬ 
terior of blood vessels, through which small ferromagnetic particles are passing. 
The field holds the particles until a sufficient collection completely obstructs the 
vessel. Early release of the fields eliminates the holding force, and the particles 
are free to leave the site, while a more prolonged application leads to permanent 
occlusion of the vessel. Magnetic fields have been used in biologic experiments 
for the separation of phagocytic cells after they have engulfed ferromagnetic 
particles,- but they have not to our knowledge been used to produce vascular 
obstructions. 

materials and methods 

The method consists of the injection into a suitable blood vessel of a solution of 1 per 
cent gum acacia in an isotonic saline solution containing a 5 or 10 per cent suspension of 
magnetic ferric oxide (FejOj).! The estimated dosage of ferric oxide is appro-ximatelj- 20 
mg. per kilogram. Observations suggest that dosages over 50 mg. per kilogram may result 
in a delayed death due to an excessive accumulation of iron in the lung and reticuloendo¬ 
thelial system. The particles of oxide being smaller than the red corpuscles (1 micron) easily 
pass through the capillaries and, inappropriate dosage, tlirough the lung n-ithout obstruction. 
After the injection, an electromagnet (described belovr) is applied over, but not in contact 
with, the axposed vessel or area to be infarcted. W^hen the vessel is of sufficient size, the 
accumulation of oxide can be easily visualized beneath the magnet. When the magnetic 
field is removed prior to the development of a permanent obstruction, the accumulation of 

From the Veterans Administration Hospital, Coral Gables, Fla. 
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oxido can bo seen to break apart and be earned off bj the restored flow of blood If the 
magnetic field is promptly reapplied, the oxide maj again be accumulated m the field but 
usuallj in a smaller quantity 

Two different tjpes of magnets ha\e been employed in this studj T\pe I is designed 
to produce a high intensitj field in a carefully restricted area for obstruction of a selected 
\cssel This uses a VI inch soft iron rod folded upon itself wnth the free ends converging 
Jeaiing a 4 mm air gap at the tip The magnetic field produced by 5,500 turns of No 28 
copper wire wound around the rod is concentrated in the 4 mm gap between the poles Power 
IS proMded bj a 28 V D C 2 amp power suppU The gap formed by the converging filed 
ends of the Vi inch rod is just large enough to admit the blood vessel to be obstructed The 
coronarj arterj was nctuallj dissected free and drawn between the poles bj a Teflon tape 
secured to the magnet Superficial cerebral vessels mav be admitted between the poles by 
gentlj pressing tlie poles again at the brain surface, tlierebj depressing the tissue adjacent 
to the vessel 

Magnet Tvpe II is designed to produce a widespread magnetic field for obstruction of 
all vessels of a tissue area, rather than obstruction of a specified blood vessel This has been 
used to infarct vessels in the spinal cord and brain The original Tjpe II Magnet was a 
commercial surgical eye magnet, consisting of manj turns of copper wire on a straight iron 
rod Tlie magnetic field thus produced radiates from the tip of the rod A new magnet has 
been prepared with a longer tip for easier application to less accessible areas An air cooling 
coil has also been incorporated into the design so that the field maj be applied for a sustained 
period wathout overheating 



Fip I—\rteml obstruction in a rabbits ear following the dlacontinyance of the electro 
magnetic field The small obstruction between the magnet pole's represents a portion of the 
mam block being carried peripherally bj the returning blood flow (Reproduced from a mo 
tion picture frame ) 


RESULTS 

Pielumnav} studies with tins tcclinique vieic cairied out utilizing a large 
.irtery in a rabbit’s ear (see Fig 1) The ceiebral cortical veins (Fig 2) and 
artcncs of 3 laige dogs and a rhesus monkej were subjected to temporarj and 
permanent infarctions In these experiments the oxide was injected into either 


BUEBMANN and beem 


J. Lab. & Clin. Med. 
February, 1959 










^y- yi^W 






' 4 

■•>K iU 




mm 


m- 

^■H.. 

:5SV'l.>. 




;erebral cortical venous 


Tbstruction (n,onice.) between tbe ma.net poies. 


,tw 



rSr 


f||''*'='■' /h ' 

' 'j!* " ** 't '■*'''^' s •■■'*'\' ’* '"'* y^-< '*' ^ >' ■ ^ 

- ’ -’i ■: ;"." 

v-'\-, *.' ^y. > • <*• 

i V'y' "i* 0,1«». '" • ““ 

.."svioM Snr..... «.»■ 


i3 

\iiml>fr 2 


^fAOXKTICALLY CONTfiOLLED VASCULATl OBSTEUCTIOX 


201 


tiic saplicuous vein, pulmonary artery, or ^‘arotid arlery. Tiie site of injection 
seems to liave no appreoialile offeet on tlie time ot dcvolopinent or size of tlic 
obsfrnclion. When the mafrnetie field Avas maintained for 10 minutes or loufjer 
the ol)strnetion remained permanent. Limited ol»scrvations seem to indicate 
tliat hej>arin injections may further proloiifr this pciiod of revci'sihility. AVith 
iFagnct Type II, localized ai*eas of infaiction Avcrc produced in one cerebral 
hemisphere of a dog (Figs. 3 ami 4). 



Fig. -4—A Completely obstructed cerebral \eln in an area of localized infarction In a dog. 
Hematovylln and eosm stain (Magniacation X640. reduced ?-) 


Tavo attempts Avere made to produce a coronary occlusion in large (30 Kg.) 
dogs by the injection of 7 ml. of 10 per cent o.xide solution into the saphenous 
vein. The magnetic field Avas maintained for 15 minutes over the exposed an¬ 
terior coronary artery. No appreciable accumulation of oxide could be ob- 
scrA’cd, and electrocardiographic recordings showed no change AA’ithin a 30- 
minute period of obserA'ation. A second injection of S ml. Avas then made and 
the field maintained for 10 minntes Avitli no demonstrable effect. Electrocardio¬ 
graphic obserA’ations over a 1-hour period failed to demonstrate any changes 
that could be ascribed to the injection. The animal was then sacrificed and 
histologic studies of the heart also slioAved no evidence of occlusion. A lepetition 
of this experiment Avith modification of the magnet shape to permit a better 
application of the magnetic field Avas also unsuccessful. It is our opinion, how- 
CA’cr, that coronary occlusion may be produced by utilizing a stronger magnetic 
field or in an experimental animal haA’ing .smaller coronary a’csscIs. 
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By the application of the magnetic field to the exposed spinal cord (thoracic) 
of a monkey and a dog it has been possible to produce an area of localized in¬ 
farction. The occlusions in the superficial vessels of the cord can be easily 
observed and microscopic studies also demonstrate (Fig. 5) the occlusion of the 
smaller intraspinal vessels. Further studies on spinal cord infarction are in 
progress. 



Fig. 5.—Generalized obstruction of all vessels in a localized portion of the midthoracic spinal 
cord of a dog Hematoxj lin and eosm stain 


Of the 9 animals used in these experiments (1 rabbit, 6 dogs, and 2 monkeys) 
3 dogs were subjected to acute experiments and were sacrificed. Two animals 
expired (1 dog and 1 monkey) following the procedure, the dog within 30 
minirtes and the monlcey after 8 hours. In both cases the dosage of FcaOi was 
50 mg. per kilogram or over. Histologic stixdies in each case showed a large 
accumulation of the oxide in the lungs and reticuloendothelial system. The re¬ 
maining animals showed no ill effects 3 to 4 weeks after the injection. 

SUMMARY 

A technique for the transient or permanent occlusion of small arteries, 
veins, and capillary beds is presented. The method is dependent on the ac- 
cixmulation of magnetic ferric oxide when the vessel or tissue area is subjected 
to an electromagnetic field. The advantage of the technique may reside in the 
avoidance of trauma to the vessel and adjacent tissue and in the production of 
controlled infarctions and ischemia. It is suggested that this technique may 
be of value in studying electrical and chemical changes in small areas of tissue 
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subjected to pciiods of transient infaiction It is hoped that the technique can 
be impro\ed Mith fuithci de\clopment of the electric magnet m regard to the 
stiength and localization of the magnetic field 
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We currently use rats weighing 40 to 50 grams; this enables us to detfect 0.1 rat unit 
or less. With these rats it is necessary to inject only small volumes of fluid at a time. 
We operate within the range 0.01 to 0.1 ml. using a 1 ml. tuberculin sjTinge driven with a 
micrometrie screw attachment (Pig. 2). The assembly permits the rapid interchange of 
syringes and is very accurate. One full revolution of the micrometer permits the injection 
of approximately 0.02 ml. Since all our measurements are relative, we operate in terms 
of revolutions of the micrometer. 



SO 150 ml 


VOL. of EXTRACT 

Fig 1.—Four hundred milliliters o£ doe blood vias processed as described in the experi¬ 
mental procedure up to the stage of passage through the column. The 400 ml, extract ob¬ 
tained was then divided into 4 samples of 50. 50, 100, and 200 ml One 60 ml sample vas 
used as a blank and to each of the others 10 units of angiotensin was added. All the samples 
Mere then percolated through identical columns of Dowex 50-X2, of 10 cm. per 1 cm The rest 
of the procedure was as described The experimental points represent the recoverj- of added 
angiotensin expressed in percentage after deduction of the angiotensin contained in the blank 




Fig 2.—-Micrometrie attachment for the injection of small volumes of fluid to the lat 
Key: 1 =: micrometrie screw of 1 mm pitch; 2 = barrel graduated in turns and one-fourth 
turns: 3 driving head; 4 = 1 ml. tuberculin syringe, 5 = rubber band, 6 = pm to clamp 
the rubber band and fasten the syringe to the base 


The dead volume that exists in the polj ethylene catheter between the blood stream 
in the jugular vein of the rat and the extreme of the needle of the syringe must be filled 
with the solution to be assayed before any test injection can be made. Usually this 
volume does not exceed 0.01 ml. 

The routine procedure emplojed to measiue the pressor actnity of an unknown 
solution consists, first, in adjusting the volume injected so as to obtain approximately 
equal pressor responses in comparison Mith the standard solution; and, second, in making 
injections in the following order: 2 or 3 doses of the standard, 2 of the unknoivn, and the 
same 2 or 3 doses of the standard. If there is a marked difference between the first and 
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the last set of standards, the ■\\hole series is repeated until the 4 or 6 luiections of 
standard give similar responses The simple graphical procedure used to determine the 
activity of the unknown in terms of the standard is explained in Fig X 


A 



.73 1.07 TURNS 


B 

Fiir 3—Routine procedure to estimate the pressor activity of unknown solutions in 
terms of an arbUrar> standard A, Pressor responses to successive injections of standard 
angiotensin (5 rat units per nnllinter) and unknown solution The numbers indicate the 
turns of the mlcrometrlc screw corresponding to the Injection B, Graphic representation of 
the pressor responses measured in millimeters of mercurj. as a function of the amount in¬ 
jected Open circles, standard angiotensm points, black dots, unknown angiotensin solution 
points It is clear that 0 73 of the unknown Is equivalent to 107 of the standard Hence 
the concentration of the unknown is 7 3 rat units per mllUUter 


RESULTS 

To test the validity o£ the procedure, 2 accurately made dilutions of the 
concentrated mother solution of the standaid <angiotcnsin were assayed on 11 
and 10 animals, respectively, against the usual standaid. The lesults (see 
Table I) demonstrate that the method has a maximum error of ±14 to 21 per 
cent on single measurements. The standard deviation in both .series does not 
exceed 11 per cent. 

Recovery Expeninents .—^All the experiments reported were done by 
adding 10 rat units of angiotensin to 50 ml. of heparinized dog’s blood just 
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prior to its mixing with the ethanol, as explained in the section on hlethods. 
Anotlier 50 ml. of the same l^lood was processed at tlic same time and the pressor 
valne obtained was considered a blank of the first sample. Special care was 
taken to operate with both samples almost simultaneously in the first step to 
avoid any error due to the obseiwed increase of the blank value that takes 
place in heparinized blood at room temperature. These data, collected in Table 
II, show that the method permits a complete recovery of the added angiotensin. 
The variability observed in single detei-minations can be explained in terms of 
the error d\ie to the biologic assa.v. 


Table I. EEPRODUCiBiuTy or the Assay Method 


R.U./ML. 

THEORETICAL 

E.II./ML. 
FOUND (MEAN 
VALUES) 

STANDARD 

DEVIATION 

K.U./ML. 1 

EXTREME VAliUES I 
FOUND 1 

NO. OF 

1 MEASUREMENTS 

7.50 

7.43 

0.64 

6.45 

8.55 

11 

3.00 

3.24 

0.33 

2.50 

3.63 

10 


R.TT. = rat units. 


Table II. Recovery Experiments 


NO. OF 
EXPERIilENT 

TOTAL RAT 

UNITS FOUND 

RAT UNITS 

OF BLANK 

RECOVERY 
(PER CENT) 

1 

11.4 

2.2 

92 

2 

12.0 

2.2 

98 

3 

12.7 

3.3 

94 

4 

12.5 

3.3 

92 

5 

13.6 

3.3 

103 

6 

12.4 

2.6 

98 

7 

13.5 

2.6 

109 

8 

14.2 

2.6 

116 

9 

12.3 

1.7 

106 

10 

16.2 

5.1 

111 

11 

14.4 

4.8 

96 

12 

15.9 

6.5 

96 



Mean recovery 

Standard deviation 

100.9 

S.l 


Specificity of the Method .—^Eecovery experiments were performed as de¬ 
scribed before, but other pressor substances were added to the blood. Amounts 
of adrenaline or noradrenaline equivalent to 25 rat units gave samples devoid 
of pressor activity. The various alkaline treatments of the procedure must be 
responsible for their destruction. On the other hand, pepsitensin^^ was com¬ 
pletely recoverable, a fact that emphasizes its close similarity to angiotensin. 
T.vramine and A'asopressin® were recoverable only to the extent of 15 per cent 
of the added amounts. The recovery of serotonin was not attempted since our 
biologic preparation was constantly insensitive to it. The possibilitj^ that 
Uwamine or vasopressin could appear in the final extracts was routinelj’^ ex¬ 
cluded by testing the resistance of the pressor activity to destruction by trypsin 
and thioglycollic acid. As is well known, tyramine is unaffected by tiu-psin while 


♦Pitressin: Parke, Davis & Company, Detroit, Mich. 
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vasopressin and angiotensin are completely destroyed. ThioglycoUic acid, on 
tlie other hand, lias no action on tj*raminc and angiotensin but selectively 
destroys vasopressin.'* 

The incubating mixture for the tr^i-psin test %vas as follows: 

Extract 0.20 ml. 

Phosphate buffer 0.5 M, pH 7.5 0.015 ml. 

Jlerthiolate 4 mg./ml. 0.005 ml. 

Crj'stalline tr^Tisin (Armour) 5 mg./ml. 0.015 ml. 

In 10 minutes at 38° C. this proportion of trjiT)sin was sufficient to destroy 
at Iea.st 3 rat units of angiotensin. At the end of the incubation period, the 
mixture was injected into the rat -unthont further treatment, since it was 
found that a similar nii.xture with saline replacing the extract had no effect 
on the blood pressure of the rat. 

For the thioglycollic acid test, the incubating mixture was identical to 
the pre^dous one hut the trypsin solution was replaced by 0.020 ml. of a 0.1 ^1 
solution of thioglycollic acid in 0.1 il sodium bicarbonate, final pH 7.5. The 
incubation time was 30 minutes at room temperature. Under the deseribed 
conditions, an absolute amount of vasopressin equivalent to 2 rat units of 
angiotensin is completely inactivated. 

DISCUSSION' 

The problems encountered in the quantitative determination of angiotensin 
in blood are many. One is that the withdrawal of blood may cause a decrease 
in blood pressure, thus inducing the secretion of renin by the kidney" with 
the stihsequent formation of angiotensin. By reducing the size of the blood 
samples to 50 ml, this cause of error has been completely eliminated. 

The small blood sample, which may eventually be increased to 75 or even 
100 ml. according to the size of the animal, creates another problem. The 
amount of circulating angiotensin which one should expect in hypertensive 
animals must be verj' small. Skeggs and associates* found from 0.1 to 1.6 
Goldblatt rinits per liter of blood in dogs with acute malignant hypertension 
and from 0 to 0.05 unit per liter in normal dogs. The fact that the recovery 
in our method is 100 per cent, while in the method of Skeggs and co-workers® 
it is only about 50 per cent, already increases the sensithity of our method. 
The final sample in our method is usually 0.5 ml.; however, it may he reduced 
to 0.1 ml. and injected totally in a rat weighing 50 grams, thus increasing the 
sensitivity of the method four- or fivefold in case.s where the concentration of 
angiotensin is expected to be verj' low. In a rat of this size w’e can easily 
detect 0.00054 Goldblatt unit (which would mean for a 50 ml. blood sample 
0.01 Goldblatt unit per liter of blood). 

The advantage of using a 50 gram rat is that, assuming a concentration 
of angiotensin of more than 0.03 unit per liter of blood, a fairly good quantita¬ 
tive assay and identification test can be made. 

Preliminary experiments have allowed us to determine quantitatively 
the circulating angiotensin in: (1) nephrectomized animals subjected to a 
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continuoiTS infusion of angiotensin, (2) normal animals injected with renin, 
and (3) normal animals snbjeeted to variable periods of deep hypotension. 

Experiments are now in progress in which the estimation of angiotensin 
in blood is made under different physiologic and pathologic conditions. 

SUMMARY 

A method has been described for the isolation, assay, and identification of 
angiotensin from the blood. A 50 ml. arterial blood sample is collected into 
ethanol and the angiotensin removed from the filtrate by the resin Dowex 
50-X2. On elution with alkali a solution is obtained which can be further con¬ 
centrated and assayed for its pressor action by intravenous injection into 
small rats. The advantages of the method arc the small blood sample used, 
its high reeoAmry i-ate, the possibility of making identification tests, and its 
relatively high sensitivity. 

We wish to express our appreciation to Miss Elsa Polillo for skillful technical assistance 
in the biologic assays. 
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ADDENDUM 

On more extensive use of the method described since our submission of the original 
manuscript, we have found and solved two experimental difficulties that can lead to low 
recoveries of angiotensin. 
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The first problem nrosc ^^llen wo used a difTcroiit batch of Hyflo Supercel which showed 
a high capacity to adsorb angiotensin. Accordingly, we decided to substitute the second and 
third filtrations of the method for centrifuging at 12,000 g for 10 minutes in each case. The 
first filtration was not critical even with the adsorbent batch of Hyflo Supercel. 

The second problem arose after the resin had been used repeatedly. Under the-iC 
circumstances, not even the alkaline treatment in the steam bath could fully restore its 
original capacity. It is advisable, then, to use fresh resin or nltei natively equilibrate the old 
with citrate buffer 0.2 N, pH 3.1*^ and percolate the sample adjusted to the same pH. 



A NEAV PRECIPITATION METHOD FOR ESTIMATING SERUM 
BETA LIPOPROTEINS 

Edwin Boyle, M.D.,« and Robert V. Moore, Ph.D.®*‘ 
Charleston, S. C. 

T he correlation between elevated serum cholesterol, serum beta lipoproteins, 
and the incidence of thrombotic complication of atherosclerosis has been 
accepted by most authorities. A simplified method for estimating serum 
cholesterol and serum beta lipoprotein levels is presented here. 

Several years ago it was observed by one of us (E. B.) that a small amount 
of serum added to a dilute solution of buffered R-agar caused a stable colloidal 
precipitate. There appeared to be a heavier precipitate when serum of a known 
hypercholesterolemic patient was added tlian when the serum of a normo- 
cholesterolemic was added. During the course of more than 5,000 measure¬ 
ments, a procedure was developed that makes possible a screening test for hyper¬ 
cholesterolemic and hjTierlipemic patients. This procedure correlates well with 
the Sf 0-16 (beta-1 lipoprotein) component of serum and satisfies the need 
for a simple, inexpensive (less than 1 cent per test for materials) clinical test 
to estimate serum cholesterol. It can be used effectively for large scale epi¬ 
demiologic studies. Somewhat similar, but technically more difficult, methods 
have been developed by Bernfeld and Nisselbaum,^ Bernfeld and others,"’ ® 
Scanu and associates,■* and Antoniades and co-workers.® 

Heretofore, the technical difficulties in separating and estimating serum 
beta lipoproteins have made this determination impractical for any but highly 
skilled personnel in elaborately equipped laboratories. Cohn alcohol fractiona¬ 
tion, preparative ultracentrifuge differential density flotation with chemical 
analysis of fractions, analytic ultracentrifugation, and electrophoretic separa¬ 
tion are the accepted methods for estimating beta lipoprotein levels. There¬ 
fore, this method could fulfill a great need. 

MATERIALS AND iXlETHODS 

JJcdffenfs.—-NaH-PO, ■ H,0 (A.C.S. Reagent grade). 

Na.HPO, • 7 HjO (A.C.S. Reagent grade). 

K agar, code No. 400 (Baltimore Biological Laboiatoiy, Inc., Baltimore, 
Md.). 

From the Lipid Metabolism Laboratory, Department of Medicine. Medical College of 
South Carolina, Charleston, S C 

This study v.a.s supported in part by Grant H-3068 from the United States Public 
Health Service, National institutes of Health 

Presented m pait at the Eleventh Annual Meeting- of the American Societj foi the Study 
of Arteriosclerosis. 1957. 

Received for publication June 20, 1958. 

♦Work done during tenure as an Established Investigator of the Vmeucan Heait Associa¬ 
tion 

♦♦Work done during tenure as a Postgraduate Research Fellow for G D Seaile Com¬ 
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K Agar is an extract of carrageemn witli a sulfate asli content of 39 1 per cent 
Cvrragcenin,« from Chondnis enspus, is made up of 13' linked D gaHctopn-inosc units 
sulfated on carbon 4 uith a sulfate ash content of 19 to 23 per cent The sulfate is bound 
ns a half ester uith the pol)saccharide while the remaining portion of the acid is in salt 
formation with metallic ions, priiicipalh sodium, potassium, and calcium This is significanth 
different from other agars 

Control Buffer Solution —Mix equal volumes of 0 0667 M Nnir,P 04 HjO (9 207 Gm 
per liter) and 0 0667 M Isa HPO, 7 H O (17 S73 Gm per liter) 

K Agar Buffer 5obifron —Mix equal volumes of 0 0667 M N‘nII,P 04 HjO and 0 0667 M 
IsnjHPO, 7 HO In this solution di^^sohe enough Kagar to make the concentration of 
K agar equal to 0 50 Gm per liter This solution should be refrigerated ■while in storage 
Freshlj boiled, carbon dioxide free distilled water should be used to prepare the solutions 

Equipment —A colorimeter calibrated to read optical density at 540 mu, cu%ettos with 
an outside diameter of % inch, 0 2 and 3 0 ml pipettes, a pharmaceutical balance for 
weighing chemicals, and 2 aolumctric dasKs for making up solutions arc the total equip 
ment necessary 

Procedure —Into the bottom of each of 2 cuvettes, pipette 0 20 ml of fresh serum 
To the first add 3 0 ml of control solution To the second add 3 0 ml of Kagar solution 
Atvx immediately and read the optical dcnsifv of each solution at 540 m a colonmeter 
which has been set with a blank contniniiig control solution without serum The colloidal 
solution formed is stable for hours with normal sera, but this is not necessarily true with 
abnormal sera, so readings should be made within 30 ininutC' The optical density reading 
of the control tube gives the inherent turbidity of the serum which is related to the 
trighcerido content of the serum The optical density of the Iv agar tube is due to the 
precipitated Kagar lipoprotein complex plus the inherent turbidity of the serum Sub 
tracting the optical density of the control tube from the optical density of tho K agar 
tube gives the optical density difference due to the precipitate and is called hereafter 
IC agar A 

4.11 cholesterol measurements were made using the acid FcCl, method of Zlatkis and 
associatesr ■with the color reagent modification of Boscnthal and co workers* Ultra 
centrifugal lipoprotein separations were made using this laboratory's modification* of the 
method of Bragdon and associate^ ** 


RESULTS 

During the peiiod of stud\, scacral factois ^^c^c found to influence the 
nature and quantity of precipitate foimed, namely, (1) the quantity of seiiim, 
(2) the concentration of Kagai, (3) the pll of the solution, C^) the age of 
the serum, (5) the tempeiaturc to wlncli the stored seium liad been suliieeted, 
and (6) the cliaractei of tlic metabolic defect, le. Inpercliolesterolemia, Inpei 
lipemia, or diseases ■which secondarily cause these conditions Daeh factoi mil 
be discussed sep.arateh 

1 There is a simple lineai lelationship between the quantity of serum used 
and the optical density of the colloidal solution formed in the lange of 0 01 to 
0 60 ml of seium per 3 ml of leageiit 

2 Using a constant quantity of scuiin, the conccntiation of the K agai was 
\aiied The K agai A yaluc y\as detoimincd foi each K agai concentiation 
and tile lesults aie shown in Fig 1 

At low K agai concentiation, wlieie the latio ol beta lipopiotcin to K agai 
IS iclatneh high, a high tiubidity is iound At high K agai concentrations, 
where tlie ratio of beta lipopiotein to Kagai is lelatnely low, liigli tuibidity 
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\alues aio found The cm\c go(?s thiough a minimum at about 0 05 pei 
cent K agai This 0 05 pci cent conccntiation was selected foi the procediue 
because effects of technical eirois m measmements aie minimiml 

3 The pir of the piceipitation medium is impoitant Tig 2 is a tjpical 
ciu\c showing tlic lelationship of pH to Kagai A mines Man;^ such cunes 
ha^c been detei mined and caeh has a cliaiacteiistic inflection at a pll in the 
6 C to 7 0 lauge and a second one near pH of 4 6 The K agai A values at the 
inflection points depend on the conccntiation of seiiim beta lipopiotem Tlie 
pH chosen foi the deteimination was G8 foi a number of leasoiis At pll 
^aIues much lowei than 6S ofhei seium components begin to piccipitate As 
the pH IS laised abo^c 6 8, the amount of pieeipitatc becomes progiessnch 
less and the sensitiMtj of the test is leduced The admntagc of using the 1 1 
latio of silts to make a buffer is olnious in that this latio gnes a ma\imum 
stabiliti to the buffeung action WJien scium is added to the buffer solution 
there is negligible change in the pll At pll 6 8 the precipitate is piimanh 
a Kagai beta lipopiotcin complex This precipitate, when sepaiated hy cen 
tiifugation, IS casil} soluble m dilute ammonia and shows piacticalh no de 
natiuation This ledissohed piecipitate inigiatcs and stains as a beta lipo 
piotciu upon papei strip eleetiophoresis If the pH of the Kagai solution is 
loweied to 4 0, piccipitatiou of all the cholestciol beaiing lipopiotem com 
ponents of scium is complete Tests arc incomplete at tins stage ns to the exact 
natuic ot the precipitate at this lowei pH, and as to the scium piotoms which 
remain unprccipitatcd 

4 Lipopiotem lipase aetmtj and othci serum hpascs cause changes to 
continue to oeciu in serum in Mtio, thcrefoie, age and tcmpciature of stoiago 
will affect K agar lalucs Shown in Tig 3 arc data on two soia one 
h^pelllpcmle and the other hjpcrcholcsteiolcinic Those two teims aie hero 
defined as follows a seium with an cle\ated Sf 0 1C low density (> 1 006 < 
1063 Gm pci milliliter) beta lipopiotem component, called the /?i fiaction for 
comenience and simplicity, is defined as a Inpcicholesteiolemic seium Serum 
with an ele\ated Sf 17 and abo\e component, -very low density beta lipopro 
terns, called foi comenience and bievity, is defined as a Inperhpemic seium 
in which the bulk of seium cholesterol is contained m the \er\ low deiisit-v 
(< 1 006 Gm pel millilitei) lipoprotein class and has high trighceude values 
This definition is similar to that of IIa\cI and associates “ A lupeilipemic 
seium, e\en lefiigeiated, gnes about half as much precipitate at the end of 2 
da\s as it does when fiesh A hypeicholesteiolemic seium icnnins fauh stable 
if refiigeiated, but deteriorates at room temperatuic 

Efforts to stabilize seium were made Goidon and cowoikeis’" demon 
stiated that unesteiified fatty acids will bind tighth to albumin The use of 
human albumin is shown in Fig 3 "While some stabilization occuiicd, albumin 
was generally ineffectne Also tested with negatne lesults weie protamine and 
high lomc stiength, which aie known to inhibit dealing (Biown and associ 
ates^^) 
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5 Tlie \anation in i allies attiibutable lo incubating senini at 37° C befoie 
testing IS shown in Fig 4 It is interesting to note again that the lijperhpemie 
serum is more scnsitnc to heat than lopeicholcsterolemic oi iioimal seiiun 
Also, It IS significant tliat seium eholestciol lalucs do not change ineasuiahh 
in this time peiiod Fioin this discussion, it is apparent that fresh seiiiiii must 
be used foi best lesults using the K agai test 

Insufficient munbeis of hipeilipeimc patients and the lapiditj of change 
of the ICagar iallies with time in such seia pieicnt the collection ot data on 
the precipitation with K agar of the noiitiiibid, veij low dcnsitv, /J, lipopiotems 
of the Sf 17-400 class 



Pjg 5—Schematic repre<*entatlon of K agar nnd control measurement for \ari 0 U‘? lipo 
proteins Kej 1 = lipoprotein free serum density >1 21 H = high density alpha lipopro 
teln't <1 21 and >1 063 III = Sf 0 16 beta I lipoproteins donsltj <1 063 >1 OOf 

I\ = Sf >1" beta 2 llpOprotein«i density <1 006 V = fresh human, dole 


6 In Older to cliaractoiize the K agai lipoprotein precipitate, scrum nas 
fiactionated in a Spinco Jlcdcl h iiltiacentnfuge gning (1) a hpopiotem fioc 
component (the infianatant of 121 densitt cut), (2) a high densih alpha 
lipoprotein component (the jnfranatant of a 1063 dcnsitj cut), (3) a Sf 016 
component, /3i (the supernatant of a 1063 density cut), and (4) a Sf 17 and 
abo\e component, /3-^ (the supernatant of a 1 000 density cut) The schematic 
icsults of testing each cut using the K agai test is shoun in Fig 5 Also tested 
■was fiesh human clnle 

Foi each component a contiol \ahie and a K agai \aUic is shown If the 
difference is taken between these values in each ease, K agar A \alues can bo 
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detectable K-agar A value. 
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of the Kagai test on noimal subjects and Inpcicliolostciolemic ])atieuts, it does 
make moic difRcult the diagnosis of Inpeilipemia It is iccommendcd, thcie 
foie, that the test be made aitci «i high caibohj diate, low fat bieaktast, so that 
endogenous mobilization oi bod;i fat foi oncig\ does not occiu Noimal and 
lijpeieholesteiolcmic scia will be clcai, and a h\peilipemic sciiim will be cloiuh, 
langiiig fiom onlj slightlv tiiibid to\ci\ milkj 

Fig 7 IS a scattergiaph ot 163 beta 1 cholcstciol \ahics which weie plotted 
against ICagai A \allies Similai scatter was noted when seium cholesteiol 
01 total beta cholesteiol iallies weie plotted against the K agai A 



Fii? "—Beta 1 cholesterol \ersus K agar A See text 


The calculated regiession line is shown In no case was the blood drawn 
more than 24 houis bcfoie the test was made The tests include sera of normal 
and some ahnoimal subjects baimg either athcioscleiosis, bihai} euihosjs, 
diabetes, or tieated oi unticated Jnpeieholesteiolemia and inpeilipemic pa 
tients 

Fig 8 shows the legiession lines for total cholesteiol (TC), total beta 
cholesterol plus ^■>), and beta-1 cholesteiol \alues as plotted against 
K agai A 

The statistical data aie gnon in Table I * 

•We are indebted to Dr James A. Ga\an Vssistant Profc«!sor of \mtomj for his iielji 
in the statistical studies 
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Table I 


IlF.aKERBION 

EQDATION 

KEGRESSIOK 

COEFFICIENT 

1 STANDARD DEVIATION 

j FROM REGRF.SSION 

T.C. 

= 493 K-agar 

A -t- 

70 

r == 0.934 

27.3 

/3i + /3= 

= 489 K-agar 

A - 

7 

r = 0.932 

27.2 


= 439 K-agar 

A - 

13 

r = 0.930 

25.0 


DISCUSSION 

After surveying sera of 1,500 individuals (factory workers, farmers, new- 
Imrn infants, well-baby clinic patients, student nurses, medical students, hj'per- 
cbolesterolemie patients, and hyperlipemic patients), the upper limit of norms 
for the following measurements were established: K-agar A, 0.350; control, 
0.025; serum cholesterol,'-® 240 mg. per cent; total lipids,^ 900 mg. per cent; 
alpha cholesterol, 90 rag. per cent; /3i-cholesterol, 140 mg. per cent; /l.-choles- 
terol, 30 mg. per cent.® 



Fif,. 8.—Regression lines and cholesterol values versus K-agar A- Key; I = regression 
line of total serum cholesterol values in milligrantis per cent plotted against Iv-agar A l.II = 
regression line for the total beta cholesterol values; III — regression line for the beta-1 
cholesterol values. 


The interpretation of results of the K-agar test is made with the aid of 
the regression lines in Fig. 8. A clear .serum is indicative either of a normo- 
cholesterolemic serum or of a h.Tperchole.sterolemie serum. A clear serum will 
give a control value in the normal range. Using the K-agar A value and the 
regression lines of Fig. 8, total cholesterol, beta-1 plus beta-2 cholesterol, and 
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l)eta 1 cholosteiol "values Illa^ he obtained Prom these values, bj cliffereiiee, 
alpha and l)eta 2 values inav be obtained as alpha plus beta 1 plus beta 2 gives 
total cholesterol 

An essential livpcilipemic seiiim will have a doudv appcaiance with a 
chaiacteiisticallv elevated contiol value The Kagai A value will not coi 
lelate well witli the icgiession imes of Pig S and the value is geneiallv lowei 
than expected The eloudv appeaiance of tlic scium after a high caibohv drato, 
low fat bicakfast is characteristic of a hvpcilipeinic serum 

In this laboratoij a high percentage of sera from patients witli lipid 
metabolic disease is seen At least 97 pel cent of these patients have hvpei 
cliolesterolemia, most of the rc^t have idiopathic hj'perlipemia It should be 
easj for a phvsician to use this test eftcctivelv and with confidence, not onlv 
to detect and chaiactciize patients with elevated serum cholesterol, but to fol 
low the results of his ticatment 


SUMMARl 

A new pieeipitation test for beta lipopiotems (< 1 0G3 Gin pei milliliter) 
has been described using buffered Kagai Noims have been noted and an 
inteipiotation of results has boen given Pactois influencing the icsults are 
desciibed Coiielation of this test with scrum total cholesteiol and seium 
low densitv beta lipopiotem levels aie made Advantages of such an ine\ 
pensive, lapid, simple, and accuiate test arc described 
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A METHOD FOR PREPARING INTACT ANIMALS FOR 
CARCASS ANALYSES 

Olaf Mickelsen, Ph.D., and Arnett A. Anderson, B.S. 

Bethesda, Md. 

C arcass analysis by sampling from a homogenate of the whole animal has 
met with little success. The primary difficulty has been the disintegration 
of the skin. 

Chanutin^ ground the carcass in a meat grinder and took aliquot portions 
for moisture, nitrogen, fat, and ash analyses. No indication was given as to the 
agreement between duplicates. However, a statement was made that nitrogen 
analyses showed a marked variation. 

Kochakian and Stettner- dried the eviscerated animal to constant weight 
in an electric oven. The dried residue was dissolved in strong alkali and alco¬ 
hol. The bones were separated and dissolved in acid. The mixture was made 
to volume and aliquots of the dissolved carcass were taken for nitrogen and 
fat analyses. Although this method has proved useful for many purposes, it is 
cumbersome for large animals. Furthermore, the fat is hydrolyzed by the 
alkaline hjArolysis making it impossible to do any studies on the original 
lipids, and the ash cannot be determined accurately. 

Another method, similar to the above, involved cutting the carcass into 
small pieces and digesting the material in strong hydrochloric acid at room 
temperature.® When the bones softened, they were put in large beakers and 
heated on a water bath for several days. “By appropriate manipulation of 
the volumes and sampling, a solution was finally obtained representing whole 
animals and suitable aliquots of this were taken for analysis.” This method 
is rather cumbersome and not readilj’- adaptable to animals having a large 
amount of body fat. 

Other workers^"” dried the whole animal to constant weight and extracted 
the fat from the dried residue. The dried defatted residue was ground, and 
aliquots Avere taken for nitrogen and ash analyses. This procedure is time 
consuming, and no duplicate analyses can be obtained for moisture or fat. 

The method to be described obruates most of these difficulties since a 
homogenate of the entire carcass is prepared. After autoclaving the carcass, 
a slurry can be prepared in a Waring blendor, and a stable suspension results 
from passing the sluny through a colloid mill. The homogenate can be used 
for replicate analyses for the 4 major body components (moisture, protein, 
fat, and ash) as avcII as for those specific compoimds Avhieh are not affected 
by the autoclaAung. 

From the Laboratory of Nutrition and Endocrinology, National Institute of Arthritis 
and Metabolic Diseases, National Institutes of Health, U. S. Public Health Service, Sethesda, 
Md. 

Received for publication June 26, 1958, 
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Tlio Special apparatus required for this procedure is an Eppcnbach colloid null * TJie 
^^anng blendor containers were of 3 sizes 250 ml, 1,000 ml, and 1 gallon, the first tivo 
fit the regular size blendor, the largest one fits the four ■speed model and is needed only for 
animals neighing over 700 grams 

Preparation of Carcass for Analysis —The animal nas Idled bj anesthetizing nith 
chloroform, then neighed to the nearest tenth of a gram The abdomen nas opened and the 
gastrointestinal (GI) tract nas lemoved \nd freed of its contents nluch. nere xveighed t The 
operation nas performed in a frame who«e three ‘»ides and top were net tonel" This nas 
done to minimizo the evaporation of moisture from the exposed tissue® Care nas taken to 
iiiinimire the loss of blood The GI tract vias replaced in the animal and the latter ivas 
then weighed The actual weight of the animal without GI contents was ossentiallj the same 
ns the weight of the anesthetized imiual minus the weight of the GI contents, consequenth, 
the latter was used as the ^'corrected weight” in our calculations of total hodv composition 
The animal was placed m a wide mouth Jlason jar whose volume in milliliters was at 
hast twice the weight of the animal in grams The jar was covered anl autoclaved for 15 
minutes under 15 pounds pressure (120® C ) The animal was then placed in a Waring blendor 
of appropriate size IVater was added to facilitate homogenization In our experience, 
stable homogenates are secured when the volume of water added approximates, for animals 
weighing up to 500 grams, the corrected bod} weight or 0 7 times tins volume for animals 
weighing over 500 grams The exact volume of water does not liavo to be measured since 
the weight of the final preparation is used in calculating a factor which corrects for the 
added water Approximately one half the water was graduallj added during the 15 to 20 
minutes of blending, the remainder was used to rinse out the blendor and colloid mill 
The homogenate was quantitative!} transferred to the colloid mill The blendor was 
washed with small quantities of water and the washings added to the mill Before start 
mg the mill the micrometer adjustment device vihicli controls particle size was set for a 
reading of 40 The water circulating through the homogenizing block was turned on, the 
colloid mill was started and allowed to operate for about 3 minutest during which the 
contents of the mill were stirred to make sure that no particles adhered to the walls of 
the hopper The micrometer adjustment device was slowl} turned m the direction of 
“close” (using 10 unit intervals oven 5 to 8 minutes) until a reading of “zero” was 
reached The mill was allowed to run at zero for another 5 minutes The colloid mill 
operation required about 30 to 40 minutes 

The homogenate was then quantitative!} transferred to a previousl} vieighed jrason 
jar The colloid mill and reej cling pipe (if that bad been used) were washed several 
times with small quantities of water and the washings added to the original homogenate 
The jar was ®ealed and the contents mixed bv shaking The homogenate was allowed to 
cool to room temperature, and the total weight was obtained Storage at 4® C followed 
Description of Somogenate —^Five sieves of the following mesh screen sizes, 10, 
14, IS, 25 and 35, were stacked in that order willi the smallest nie«Ii size at the bottom 
Five hundred and thirtj four grams of homogenate equivalent to 315 Gra of wet carcass 
were added to the top sieve The sieves were placed under a faucet and a slow stream of 
cold water was directed on the homogenate to hasten screening The material remaining 
on. the screens was dried at room temperature overnight and weighed the following daj 
All of the homogenate passed through tlic 10, 14, and 18 mesh screens Only 0 8 Gm or 

♦Manufactured b> tlie Gifford Mood Compan> 420 Lexington Avenue Lew lork. N T 
tThe GI contents were removed since tliese are not realJj a part of the anJma? It it 
Is desirable to analyze the Intact animal that can also be done 

JM hen tlie weight of the animal was less than 100 Gm a piece of plastic was insert© I 
over the outlet to the rec>cling pipe and the faucet opened The homogenate coming out 
of the faucet was collected in the original Macon Jar and poured back Into the mill Re 
c>cling in tl e case of small animals had to be done manuallj since the volume of homogenate 
was not enough to fill the recycling pipe 



284 


MICKELSEN AND ANDEESON 


J. Lab. & Clin. Mccl. 
February, 1959 


0.3 per cent of the total remained on the 25 mesh screen and 0.5 Gm. or 0.2 per cent on the 
35 mesh screen. The material remaining on these two screens was mainly hone and hair, 
some of which would have passed through had it not been for the congealed fat in which 
the bone and hair were enmeshed. The homogenate showed no apparent separation of fat 
or water even after standing for several days at 4“ C. 

Analytical Methods .— 

Mixing homogenate: AVhenever a sample was removed from the homogenate, certain 
precautions had to be observed. The cold homogenate is in a semicongealed state. In 
order to hasten heating to room temperature and facilitate mixing, the homogenate was 
mixed in a Waring blendor. Aliquots were not taken directly from the blendor because 
consistent, but small, variations between top and bottom aliquots were obs6r\'ed. (Part 
of the inconsistency in composition might arise from the fact that the slurry practically 
filled the blendor.) To obviate this difficultj', the homogenate was transferred to the 
original container which was vigorousl 3 - shaken just prior to the removal of each aliquot. 

A varietj' of analjriic methods ma\' be used on the carcass homogenate. The follow¬ 
ing are presented priniarilj’ to illustrate how the analj’tic procedures were applied in our 
laboratorj’. 

Moisture determination: Aliquots equivalent to about 10 Gin. of wet carcass’’ were 
placed in aluminum dishes, covered with aluminum foil, and weighed. The aliquots were 
dried in a vacuum oven at 70° C. to constant weight. This required about 45 hours. The 
weight of the dried material was obtained and the loss in weight was assumed to be moisture. 

Total fat determination: Tlie dried residue from the moisture determination was 
extracted in a Soxhlet apparatus for 24 hours with petroleum ether (boiling point 35° to 
00° C.). The bulk of the solvent was recovered in the upper portion of the apparatus after 
removing the extraction thimble. The fat in the flask was dried to constant weight in a 
vacuum oven which was usuallj" accomplished bj' overnight drjdng. 

Protein determination: One to two grams of homogenate was pipetted (using a large 
bore pipette) into a 30 ml. Kjeldalil flask and weighed. Tlie nitrogen was determined by a 
modification of Campbell and Hanna’s" macromethod. After digestion, the contents of the 
flask were diluted to a previousl}' calibrated 50 ml. mark and aliquots were taken for dis¬ 
tillation. 

The small aliquots used for the nitrogen determination were necessitated bj"^ the 
large amounts of fat in the obese rats (those weighing more than 700 grams). If the 
samples from the obese rats were much larger than the above, excessive foaming occurred 
which resulted in the loss of part of the sample unless special precautions w'ere taken. 

Ash determination: The defatted sample from the fat determination may be ashed or 
a new aliquot used. In the latter case, 10 to 15 Gm. of homogenatet was weighed in a por¬ 
celain crucible (5 cm. diameter). The samples were dried in a vacuum oven overnight. If 
the sample was from an obese rat, the large amount of fat produced excessive foaming in 
the muffle furnace with a consequent loss. To avoid this difficultj', the crucibles were 
heated on a tripod to a dull-red color and the contents ignited with a Bunsen burner. 
Studies showed that there was no loss of ash as a result of the controlled ignition. The 
charred residue was then ashed in a muffle furnace at 550° C. until constant weight was 
obtained (about 24 hours). The sample was cooled in a desiccator to room temperature 
and weighed. 

Estimation of glycogen: Analj’ses were made to ascertain whether the homogenate could 
be used for glj’cogen determination and to secure some indication of the amount of glj'cogen 

•From 20 to 23 Gm. of homogenate had to he used to secure a sample representing 
10 Gm. of tlie wet carcass. This amount could be approximated in 2 ’/. level tablespoonfuls. 

tTo secure the above weight of sample. 1 to 1% tablespoonfuls of homogenate were 
placed in a weighing dish. A piece of aluminum foil was used to cover the crucible during 
weighing. 
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m the c'irc'i«fs Gh cogen ut! extracted from the homogenates of neanling rats bj n. modifica 
tion of the method of Good and ‘is'socmtcs® nnd analyses for glucose ^^ere done thereon 
Nelson’s modification of the Somog)i method » Using homogenates equixalent to approxi 
matelj 2 to 3 Gm of l^et carcass^ the glycogen content of one rat iias 016 per cent (indi 
1 idual X allies 0 14 and 0 17) and for the other w ns 0 21 per cent (indix idual values 0 10, 
0 22, 021) These rats iiere normal animals which had food axailnble until thei were sac 
nficed as described aboxc 

Coniersion Factor for Catculattons —Aliquots for the various anal^^ea are corrected for 
the water added during the preparation of the liomogenate b^ dividing the corrected bod} 
weight bx the total ireight of the homogenate This factor multiplied by the weight of the 
aliquot taken gives tlie weight of wet carcass present in the sample (aliquot taken) 

Au^oc?autJi<';—To determine whctUei autoclaxing had aiij influence on the 
piOMinate tinaljsis of the caicass, tissue homogenates weie picpaied with and 
without aufocIaMiig The tissues woie a lean lat without skin, han, and Gl 
contents, the adipose tissue fioni a fat lat, and the muscles of a lean lat 
Each of the 3 tissues was homogenized in a 'Waring blendor and then dnidcd 
into 6 aliquots Half of the aliquots weic autocla\ed and the others were not 
Analyses for moistiuc, fat and nitiogen showed (Table I) no detectable loss 
as a icsult of autoclaiing 


TxniE I Effect of Autoclavivo os Moisture, Pat, and Nitrogen Costfnt 



MOISTUTE* 

FATt 

NITROGEN 
(UO/OM HOMOr 

TREATMENT 

(PER CENT) 

(PER CENT) 

EVATF) t 

Autoclaved 

77 41 ± 0 04 

98 65 ± 0 03 

13 91 ±017 

Nonautoclavod 

77 29 ± 014 

98 77 ±0 02 

13 93 ±012 


/ 

The mc-xn and st mdard dexlitions nre grlven Standard deviation = where Sd 

is the sum of the dexlitfons from the mean squared and n is the number of analyses 
•Lean rat without skin hair and GI contents 
tAdlposc tissue of a fat rat 

JMuscle tissue of a lean rat (All xalues represent averages of 3 determinations each ) 


Table II Influence of Weight of Sample on Moi'sture Determination 




AV WT 

AV WT 1 

1 MOISTURE 

NO 

AV WT I 

WET CARCASS* 

DRV CARCASS i 

1 

1 STANDARD 

SAMPr ES 

IIOMOCFNATE | 

(GM ) 

(OM ) 1 

AV FRAri 

1 DFVIATIONf 

3 

1 0971 

0 63j5 

0 4021 

36 73 

0 20 

3 

5 0576 

2 9294 

] 8512 

36 81 

0 13 

3 

10 0375 

5 8138 

3 6721 

16 84 

012 

3 

23 8116 

13 7917 

8 7093 

16 85 

OOS 

2 

246 3 

142 7 

90 50 

3b 58 

019 


•W eight of rat carcass contained m the homogenate sample 
tSee footnote to Table I 


Sample Wevjht —Several aliquots of the homogenate of an obese lat were 
dried in a vacuum oven at 70° C foi approximateh 47 horns T)ie values in 
Table 11 indicate that the ieplicabilitj of the lesults is not influenced bj vaij 
mg the weight of the homogenate fiom about t to 27 Gm 'Within this lange, 
mcieasing the weight of the sample leduces the staiidaid deviation (fiom 029 
to 0 08) Theie is a suggestion of a slight leduction in moistuie content when 
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A'ei-y large amounts of liomogenate are used. This is probably due to the diffi¬ 
culty in drying such large samples. 

Homogeneity .—In order to determine whether the samples were homogene¬ 
ous, aliquots were taken from the top and bottom of the container. Before eacli 
sample was remoAmd from the jar, the contents were thoroughly mixed by 
hand shaking. After the samples were taken fx’om the top of the jar, approxi¬ 
mately one-half of the homogenate was poured into another container. Dupli¬ 
cate aliquots were taken from the homogenate remaining in the original jar 
and these were called the bottom aliquots. The results (Table III) show veiy 
good agreement for the samples from the top and bottom of the container for 
moisture, fat, protein, and ash. The above results were obtained from the car¬ 
cass of an obese rat. Similar results wei-e secured on weanling and adult 
lean rats. 


Table III. Agreement op Analytic Data Secured on Duplicates Taken From tue Top 
AND Bottom op the Homogenates op an Obese Eat 
(Corrected Body Weight = 1,235 Gm.) 


SAMPLE 

NO. 

WEIGHT 
HOMOGENATE 
(GM.) ! 

WT. WET 

carcass (gm.) 

WT. DRV 
CARCASS (GM.) 

PORTION OF 
HOMOGENATE 

MOISTURE 
(PER CENT) 

A. Moisture Determination 








IT 

12.8656 


7.6023 

5.5035 

Top 


27.61 

2T 

13.4095 


7.9237 

5.7317 

Top 


27.66 

3B 

14.2328 


8.4102 

6.0795 

Bottom 


27.71 

4B 

14.7632 


8.7236 

6.3080 

Bottom 


27.68 

Average 








27.67 ± 0.04* 


i WEIGHT 


1 


1 


1 

PROTEIN) 

SAMPLE 

1 HOMOGENATE 

i WT. WET 

MG. N/GM. 

PORTION OF ! 

^X^ET BASIS 

NO. 

1 (gm.) 

carcass (gm.) 

WET CARCASS 

HOMOGENATE i 

(PER cent) 

]}. Protein Determination 








IPT 

1.0646 


0.6291 

13.83 

Top 


8.64 

2PT 

0.9967 


0.5890 

13.92 

Top 


8.70 

3PB 

1.0973 


0.6484 

13.88 

Bottom 


8.68 

4PB 

0.9973 


0.5893 

13.92 

Bottom 


8.70 

Average 








8.68 ± 0.03* 

SAMPLE 

1 wt. wet carcass j 

WT. extracted pat 1 

PORTION OF 

1 FAT WET BASIS 

no. 

1 (GM.) 

1 

(GM.) 

HOMOGENATE 

1 

(per cent) 

0. Total Fat Determination 








IT 

7.6023 


4.7311 


Top 


62.33 

2T 

7.9237 


4.93 

78 


Top 


62.31 

3B 

8.4102 


5.2377 

Bottom 


62.28 

4B 

8.7236 


5.4295 

Bottom 


62.24 

Average 







62.27 ± 0.01‘ 


weight I 

1 


1 WEIGHT 

ASH 1 


I 


SAMPLE 

homogenate * 

WT. WET ' 



PORTION OF ! 

ASH WET BASIS 

NO. 

(gm.) 

carcass (gm.) 

1 (GM.) 1 

HOMOGENATE 1 

(PER CENT) 

D. Total Ash Determination 








5T 

11.8170 


6.9827 

0.0800 

Top 


1.15 

6T 

10.2916 


6.0813 

0.067 

7 

Top 


1.11 

7B 

10.5297 


6.2220 

0.0707 

Bottom 


1.14 

SB 

10.0055 


5.9123 

0.0699 

Bottom 


1.18 

Average 








1.15 ± 0.01* 

♦For standard deviation 

, see 

footnote to 

Table I. 






tProtein = 6.25 X nitrogen. 
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These data indicate that if the above procedure is used excellent agree¬ 
ment can be secured in analytic results carried orrt on all samples of the 
homogenate. 

A further measure of the uniformity of the homogenates was secured from 
an evaluation of the average standard deviations for the analytic data secured 
to date. The values listed in Table IV represent the averages for a series of 
15 rats. The standard deviations for these separate sets of values have been 
aA'^eraged in Table V. The data in this table show that the average standard 
deviations for moisture, protein, and fat are between 0.10 and 0.20 while that 
for ash is less than half of these. Although the data listed in Table VI were 
compiled for another purpose, it does suggest that on the few animals studied, 
the standard deviations of the different analytic procedures are greater when 
carried out on the homogenates from lean rats as compared with those from 
obese rats, the standard deviations in most eases being at least tvdee as great. 


Table V. Variability of Analytic Results as an Index of the Homogeneity or the 

Carcass Preparation* 


PROCEDURE 

RANGE FOR 
PROCEDURE IN 

PER GENT 

AVERAGE STANDARD 
DEVIATION t 

RANGE OF 

STANDARD 

DEVIATIONS 

Moisture 

27.67 - 74.55 

0.10 

(0.02 - 0.16) 

Protein 

8.68 - 18.49 

0.18 

(0.03 - 0.50) 

Pat 

5.67 - 62.32 

0.10 

(0.01 - 0.21) 

AsK 

1.15 - 3.68 

0.04 

(0.01 - 0.12) 


♦Results are based on triplicate or quadruplicate analyses on each of 15 homogenate 
preparations. 


. . . /nj (S.D.i)“ + • • * • + ni5 (S.D.js)- , .-.-x x« 

tAverage standard deviation = Af-;-;—;;-— where (S.D.i) = 

through (S.D.is)- are tlie standard deviations squared. ni through nis are number of degrees 
of freedom in each group.^ 


Table VI. Day-to-Day Variations in Results for Carcass Analy'sis of an Obese (Cor¬ 
rected Body Weight = 827 Cm.) and a Lean (Corrected Body Weight = 328 Cm.) Rat. 
All Analytic Values Expressed on a Wet Weight Basis 


RAT 

NO. 

DAY 

MOISTURE 

(per cent)* 

PROTEIN t 
(PER CENT)* 

FAT 

(PER cent)* 

ASH 

(PER CENT)* 

total 
recovery 
(Per cent) 

41,164 

0 

34.87 ± 0.09 

9.69 ± 0.07 

53.37 ± 0.06 

1.89 ± 0.03 

99.82 

41,164 

5 

35.06 ± 0.06 

9.70 ± 0.15 

53.15 ± 0.06 

1.90 ± 0.05 

99.81 

41,155 

0 

55.68 ± 0.12 

18.10 ± 0.44 

23.32 + 0.42 

2.73 ± 0.11 

99.83 

41,155 

5 

56.09 ± 0.34 

17.91 ± 0.16 

23.03 + 0.26 

2.77 + 0.17 

99.80 


♦Mean and standard deviation are given. 
tProtein = 6.25 X nitrogen. 


Day-to-Day Variations .—Since the analytic results for many methods show 
considerable daj^-to-day variation, an estimate of the latter was secured by car- 
rjdng out complete carcass analyses on two separate days. The homogenates of 
two rats were analyzed in triplicate or quadruplicate, with the same analyses 
being repeated 5 days later. The data in Table VI show that the variation in 
the values for the results secured on different days is no greater tlian that for 
the same day. 
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Cnicns? Compontwn of Hats —To indicate tlie application of the metliod, 
data aic piosciited foi cai c iss an iljses of 15 lats Theiesults (Table IV) nidi 
cafe that the >iiim of flic iiioisfiiic, piotem, fat, and ash account foi piacticalh 
all of the aiiiiinl On this basis, i\c hue accounted toi an aieiagc of 09 53 per 
cent of the lat caicass It is likoli that a pait of the iiiatcinl niiaecoiiiited 
foi IS gljcogcii but this IS proliabh no iiioic than 0 2 pci cent Should it be 
desirable to secute exact \allies for the gheogen eontiiit of the caicass, special 
precautions iioiild haic to be taken to niinimire the posfnioitem loss of glieogeii 

The data shou that the peieentagc of bodj fat in the lat inci eases iiith 
age iihereas the ivatei and piotcin deciease The ratio of iiafei to piotein 
deci eases slightlj luth age The percentage of ash in the lat’s bodj deci eases 
iiitli age and shows ,an eieii gieatei deci case as the lat becomes obese 

DISCUSSION 

An e\pcrieneed technician is able to prepaie the homogenates for 6 animals 
and analj'ze them in duplicate foi the 4 major bodj components (moisture, fat, 
piotein, and ash) bj the abojc technique in a peiiod of C dajs As fai as the 
homogenates aic coiiccined, from G to 8 can be picpared in an Shorn daj 
III our e\peiieiice this is consideiabh fastci than is possible iiith any othei 
method 

The homogenate is so uniform that the larmtion betjieen duplicate results 
IS very small This is especially tiiie for the homogenates of obese and jveaii 
ling animals 

The sum of the j allies foi the 4 major bodj components foi homogenates 
of carcasses prepared bj this pioccduic is consistently xeiy close to 100 pei 
cent The glj cogen content can be detci mined in the homogenate and, under 
noimal ciicumstanees, nould account foi an aveinge of about 0 1 per cent and 
probablj no moi e than 0 2 per cent 

The aboje procedure for preparing caicass homogenates permits dupli 
cate analyses for all methods This is not possible, especially for moistuie and 
fat, by some of the currently aiailable techniques The homogenate can be 
used in any analytic procedure applicable to tissues, the piocedures listed in 
the papei haie been giieii only because thej hace been found satisfaetoiy foi 
our iiork The method of piepaiing the caicass homogenate should be of 
\alue jvhenejer it is desired to detci mine the carcass content of any compound 
that IS stable to the 15 minutes of aiitoclaimg Animals shoiiing consideiable 
range in body Height can be prepaied by the pioceduie IVc haie success 
fully prepared homogenates of animals langing in size fiom weanling rats to 
labbits weighing 2 Kg including guinea pigs and chicks 

SUMMARA 

1 A method has been deiised foi the piepaiation of homogenates of whole 
animals The piocedure consists of autoelaiing the animal to soften the skin 
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and other tissues. Preliminary grinding can be accomplished in a 
blendor. Stal)le homogenates are prepared by putting the l)lended m 
through a colloid mill. 

2. The homogenate can be prepared in a short time and is so unifo 
composition that duplicate analyses for moisture, protein, fat, and ash 
within verj' small limits. The sums of the values for these carcass eompc 
range from 98.9 to 99.9 per cent for different animals. 

3. The procedure is applicable to animals with a considerable rai 
body weight. It has been used in the preparation of homogenates of ai 
ranging in size from weanling rats to rabbits weighing about 2 kilogram, 

We wish to thank Dr. William W. Wright of the Food and Drug Administration 
generosity in making tlie colloid mill available. 

REFERENCES 

1. Chanutin, A. J .: Studies on the Creatine and Nitrogen Content of the Whole Eat 

the Feeding of a Variety of Diets and After Nephrectomy, J. Biol. Chem. 8' 
1930. 

2. Kochakain, C. D., and Stettner, C. E.: Efiect of Testosterone Propionate and C 

Hormone on the Weights and Composition of the Body and Organs of the 
Am. J. Physiol. 165: 255, 1948. 

3. Venn, J. A. J., JtcCance, B. A., and Widdowson, E. M.: Iron Metabolism in 

Anemia, J. Comp, Path. & Therap. 57: 814, 1947. 

4. Light, A. E., Smith, P. K., Smith, A. H., and Anderson, W. E.: Inorganic _S 

Nutrition (Changes in Composition of the Whole Animal Induced by a Die 
in Salts), J. Biol. Chem. 107 : 689, 1934. 

5. Bathbun, E. N., and Pace, N.: Studies on Body Composition, J. Biol. Chem. 15' 

1945. 

G. Hatai, S.; Changes in the Composition of the Entire Body of the Albino Eat j 
the Life Span, Am. J. Anat. 21: 23, 1917. 

7. Campbell, W. R., and Hanna, M. I.: The Determination of Nitrogen by M 
K:.ieldahl Methods, J. Biol. Chem. 119: 1, 1937. 

S. Good, 0. A., Kramer, H., and Somogyi, M.: The Determination of Glycogen, J 
Chem. 100: 485, 1933. 

9. Nelson, N,: A Photometric Adaptation of the Somogyi Method for the Determi 
' of Glucose, .T. Biol. Chem. 153; 375, 1944. 

10. Mantel, N.: Rapid Estimation of Standard Errors of Means for Small Sc 

American Statistician 5: 26, 1951. 

11. Dixon, D. J., and Masey, F. J., Jr.: Introduction to Statistical Analysis, New 

1951, McGraw-Hill Book Company, Ine., p. 92. 





A RAPID AUT0]\IATIC SDAIIMIGRO COLLOID OSJIOilDTER 
Theodore I? Rehf, SID,® vndSIarmn J Yifngst, B S 

BrTHFSDA AND BALTIMORE, SId 

T he nicasuiement of the oncotic (colloid osmotic) pressuie of solutions 
of substances ^ith high inoleculai weights has long been of inteiest to 
woikeis in biologic and phjsicochcmieal fields The cailici methods of dctei 
mination ha\e been icMCwed bj Petit* and Biiggs" These methods, as a lulo, 
ha\e been \ei> time consuming and ha^e been mapjilieablc to the lapid mens 
uicment of laigc numbeis of samples 

Meehan and associates’ consti acted a colloid osmoinctei utih/ing an iin 
bonded stiain gage transducei The osmomctei was ioinicl to be impiactical 
howe\ci, due to technical difficulties^ winch included (1) e\ctssi\e time ic 
quucd to icach cquilibiuim, and (2) laige ^olumo displacement ot the s\s 
tern due to inoAoment of mcinbianc rurthcr woiK on it was discontinued 
Hansen® has de\eloped a colloid osinometei which legisteis, bj means of an 
clcctnc condenser manometer, the balancing pressuie which pie\cnts sohent 
flow acioss a mcmbiaiie into the colloidal solution Howe\er his dcMce le 
quiics repeated balancing of the oncotic picssmc dining each detoimination 
with an e\teinall 3 applied hjdiostatic pressuie fiom a fluid filled manometci 
Rowe® ^ has constiucted an osmoimtei similai in i)nnciple to the one dc 
aeloped ha Hansen It also loqunes balancing with a a.aiinblo external h>dro 
static countci picssuie duiing the couisc of each detoimination The point 
of no fluid transfei or balance of oncotic picssmc with exteinal hjdiostatic 
countci piessurc is detciinined -Msuallj fiom serial gahanometer leadings 
The coiiosponding osmotic picssmc is then icad on the balancing hjdiosfatic 
manometci The time foi each detei mination is about 40 minutes * 

"We haac deacloped a full} automatic scmimicro colloid osmometer which 
peimits detei minations in as little as 5 minutes This instiument is capable 
ot lecoidmg colloid osmotic piessuic of small samphs (05 to ns low as 01 
cm^) The picssuie (negatne aaith icspcct to atmospheric piessiuc) pio 
duced in a sealed solaent filled chambci ba the passage of solaent acioss a 
semipcrmeablc memhianc into the colloidal solution is recoided bj a strain 
gage Significant dilution of the colloidal solution h} the passage of solaent 
into it docs not oceiii since the coefficient of aoliimc change avitli picssuie 
change (dV/dP) foi the sealed solaent filled tiansducei ehambei is negligible 

From the Gerontologj Branch Vatlonal Heart ln‘<tUute National Institutes of Health 
United States Public HealtJi Ser%lce Bethesli Md and the Baltimore Citj Hospitais BaUi 
more Md 
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MATERIALS AND jMETHODS 

The osmometer utilizes a Stathani P23D pressure transducer* as the pressure sensing 
device. Tlio pressure dome of this transducer is a removable plastic fitting that has two 
standard Luer-Lok male adapters; one on the top center, the other on the side. The orienta¬ 
tion of parts of the osmometer is shown in Fig. 1. Figs. 2 and 3 show the assembled instru¬ 
ment. 



Fip. 1.—Exploded and assembled views of osmometer. 


Construction .—The Luer-Lok collar is removed from the top male adapter and the male 
connection is threaded with an 8-32 S.A.E. thread (Fig. 1, B). A % in. thick brass plate, 
2 in. in diameter (D), is soldered to a % in. thick brass spacer % in. in diameter (C). This 
is then tapped in its center through the spacer and the plate to receive the threaded male 
adapter (B) from the pressure dome. Three spaces are eut out of the brass plate (D) to 
provide clearance for the side arm Luer-Lok male adapter (K) on the pressure dome. In 
addition, 3 tapped screw holes, 120 degrees apart, are placed % in. from the center of the 
brass plate (D) to receive three 12-24 brass screws (E). The brass plate (D) which is to act 
as a platform on which a semipcrmeable membrane (F) is to be placed is then screwed 
tightlj* to the top threaded male adapter (B) of the pressure dome (A). 

Care is taken that the side arm Luer-Lok male adapter of the pressure dome is under- 
lybig 1 of the 3 clearance spaces that have been cut out of the brass plate. This provides 
sufficient working room when the side arm is to be used. The spacer that has been soldered 
to the brass plate provides sufficient clearance for the side arm as the brass iilate is being 
screwed to the top threaded adapter of the pressure dome. When the plate and pressure 
dome have been firmly connected, the surfaces of the brass plate (D) and any of the threaded 
top male adapter (B) that is protruding through the plate are ground and polished on stones 

•Statham Instruments, Inc., 12401 West OljTnpic Boulevard, Los Angeles, Calif. 
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nml emery cloth o£ ]progressive iincuosi until a liiRlily smootli flat surface is obtained. This 
surface is to recci\c the membrane (F). 

A Vt in. thick Lucite plate, 2 in. in diameter (G), Iiannff a < enter hole (I) •% in. in 
diameter is prepared with three H in. diameter clearance holes 120 dejrrees apart, % in. 
from the center of the plate. These holes receive the three 12 24 brass screns (E) from the 
brass plate. 

Fig 2. 



Fig. 3 

Figs 2 and 3.—-Full size photograph of osmometer 

The Lucite plate is then highly polished m the same manner as the brass plate. It 
serves to hold the membrane on the brass plate and provides a chamber (the % in. center 
hole) into nhich the colloidal solution is placed (I). By varying the diameter of the center 
hole in the Lucite, chambers of varjdng capacity may be prepared. The Lucite plate is held 
in place by wng nuts (J) on each of the 3 screns (E) from the brass plate. 

A % in. thick Lucite cover (H), % in. in diameter with a center hole 0.5 mm. in diam 
eter, is made for the solution chamber (I). The cover prevents evaporation of colloidal 
solution within the chamber. The center hole in the cover permits equilibration of pressure 
within the chamber with atmospheric pressure. 

The P23D pressure transducer is powered by a 12 volt storage battery. TJie electrical 
output from the transducer is fed into a Statliam control bov wuth a heliopot introduced 




294 


EEIFF AND YIENGST 


J Lab. &, Clin. Med. 
February, 1959 


into tlic zero adjustment circuit. The electrical output from the control box is then con¬ 
nected with a Brown potentiometer recorder with an input sensitivity of 5 mv. full scale.’ 

The. electrical recording system is calibrated directly against pressure by means of a 
water manometer that is attached to the side arm (K) of tire fluid-filled transducer pressure 
dome. This pressure calibration is done only once since an electrical calibrator on the control 
box can bo used for further calibration once its pre.s.surc equivalent in tenrrs of millimeters 
of water has been determined (Fig. 4). 


MANOMFTEf? PRESSURE mm HgO 
-800 -600 -400 -200 



Fig. 4.—Osmometer calibration. 


The membranes that we have found satisfactory are commercially prepared.! The 20 
mm. diameter size, ultrafine, dense, and very dense, are suitable for the determination of the 
oncotic pressure of human serum albuniin. The membranes can be left in the osmometer and 
used for many determinations. We have used them for well over 100 runs each and found 
no leakage of protein across the membrane into the sealed solvent chamber uhen tested with 
10 per cent trichloroacetic or 6 per cent sulfosalicylio acid. In fact, the more often the 
membrane has been used the more suitable for rapid determinations it becomes since its 
rigidity and adjustment to tlie osmometer are improved with use. 

Methods. —1. The plastic pressure dome (Fig. 1, A) with attached brass plate (D) is 
immersed in a solvent bath and filled to the exclusion of all air. Care must be taken that 
no bubbles persist in the dome. This is easily accomplished by flushing any bubbles with a 
syringe attached to K. 

2. A cap is placed firmly on the Lner-Lok male side arm of the pressure dome (K). 

3. The transducer element itself is immersed in the solvent. Tliis can be done with the 
PU3D because the back of the transducer and electrical elements are protected by a plastic 
j-mket extending over the power cord. After all bubbles have been flushed off, tlie transducer 
clement is placed into position and screwed firmly to the pressure dome at B. This is all 
done while still immersed in solvent. 


.Mnrinl No Y 153 x (62)PI 2-x-(16) was used in these experiments with all 12 leads .re¬ 
cording.^ Calculations were based on the plus marks which are identifiable on the original 

records. ir 

tCarl Schleiclier & Schuell Company. Keene. K. H. 
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4 The assembled transducer element and attaclied pressure dome uitli scaled side arm 
IS then removed from the sohent 

5 The membrane (F) is placed on the brass plate (D) o^er the center hole (I) making 
sure there are no trapped bubbles underneath it The membrane is kept moist at all times 

6 The Lucite plate (Q) is placed m position on the brass plate (D) and firmlj it 
taclicd by means of iviiig nuts (J) placed on the screws (E) protruding from the brass plate 

7 Tlie a<’'5cnibled osmometer is non placed in a suitable protecting bag (polyethylene 
senes well) and immersed in a constant temperature bath 

8 After a zero base Ime has been obtained, the Lucitc chamber (I) is cleared of all 
fluid (best accompli'jhed by filter paper strips) and the sample is placed in the chamber 
Samples of 0 5 to as low as 01 cm* can be used with the size chamber described 

9 A drop or two of sample is placed on the underside of the small corer of the Lucitc 
chamber (II), taking care not to co\er the tin\ hole This is done to prcNent evaporatue loss 
of solvent from the solution in the osmoinotcr clumber 

10 The cover (II) is placed on the sainjile ch imbcr of the osmometer 




0 ) 

o 



^1 

o 


o 


CD 

O 


CD 

o 



(0 

o 


Fig 5—Sample record to approach to cquilibiium Record reads from left to right 

11 The oncotic pressure of the sample is represented by a plateau in the record (Fig 
5) The first determination fiom the zero base line usualU takes about 15 to 20 minutes 

12 If serial determinations of solutions with similar solvents arc to be run, all that 
IS necessary is to remove the solution from the chamber, flush tlie chamber a few times with 
solvent, blot it dry with filter paper, and add the new solution Serial determinations may 
be accomplished within a few minutes each following the fir<?t determination since the mem 
brane has by then become ^ct and adjusted to the osmometer 
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RESULTS 

The standard error of the method based on 8 determinations on human 
serum was ± 3.5 mm. HnO from an average value of 345.1 mm. 

The approach to equilibrium can be verj^ easily followed since a con¬ 
tinuous pressure recot’ding is made (Fig. 5). When the logarithm of the 
pressure differential from equilibrium (P-Peq) is plotted against time (t), a 
straight line is obtained. This is to be expected since the rate of approach 
to equilibriuin (dp/dt) is proportional to the pressure differential from equi¬ 
librium = k(P-PEQ)J (Fig. 6). The same oncotic pressure is obtained 

when it is approached from pressures cither above or below the equilibrium 
pressure. 


APPROACH TO EQUILIBRIUM SERUM/PHYSIOLOGICAL SALINE 



Fie. 6.—Lit approach to oquilibriuni. 
DISCUSSION 


This osmometer is particularly suited to serial determinations of oncotic 
pressure. Once a zero base line has been established with solvent on both 
sides of the membrane, the finst determination will bring the osmometer into a 
state whereby further determinations can be done rapidly without bringing 
the instrument back to the zero base line. By starting at a pressure near the 
oncotic pressure of the sample, much time may be saved during each run. 
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The amount of solvent transfer across the membiane into the sample 
iliiung^ the appioach to equilibrium is negligible, even vhen the determination 
IS started fiom the zeio base line A dcmonstiation of this negligible fluid 
transfei is that seiial detciminations of the same sample of colloidal solution 
gne the same oncotic pressuie leading a\hcn the inn is staited from the zoio 
base line as •when it is staited at a picssme \civ close or equal to the equi 
librium picssure In addition, solution aspiiatcd fiom the sample chamber 
aftei cquililirium has been icachcd, gives the same oncotic picssuie when it 
IS ledcteimincd staiting fiom the zero base line 

The tate of piessuie appioaeh to cquilibiium (dp/dt) has been shown to 
be a function of a latc constant (k) and the piossuic differential fiom oqui 
librium (P Pfq) dp/dt = k(P Pj^) 

Also, dp/dt can bo o\piessed as a function of two othci quantities which, 
in turn, aic functions of sev cial other paiamctcis 

A The late of transfer of solvent through the membrane (8V/St)p 

(1) vanes diicctl^ with the membiane diffusion constant foi the 
solvent involved, 

(2) vanes duectlj with the membiane aiea, 

(3) varies mveiscly with the membrane thickness 

B The volume cicastieitj of the scaled sohont chamber (8P/8V)t 

(1) vanes directlj with the iigidity of the membiane, 

(2) vanes directly with the ngiditj of the rest of the sealed plastic 
solvent chambci, however, this factoi is negligible compaied to 
the iigidity of the membiane 

dp/dt = C8V/8t)p (8P/SV)t = k(PPnQ) 

Therefoie, k depends upon the membiane factors in tlie following mannei 


membiane diffusion constant 
membrane aica 


kec 


membrane rigidity 
membrane thickness 


One might suspect that the laigcst value for k would be obtained bj 
using a veiy thin membrane with a laige suiface aiea c\posed to solvent 
However, membrane iigidity plays a very important lole and the most rigid 
membiane would be a thick one with a small surface aiea exposed to solvent 


Meehan and associates® attempted to solve the problem of membiane 
ngidity b} using a peiforated metal disk to suppoit a thin cellophane mem 
bianc With a relatively large suiface area Ilovvevei, even with the disk, the 
sjstem was not iigid enough to pievcnt excessive fluid tiansfcr from solvent 


to sample chambei 

AVe have found that an unsuppoited thickci membiane with a small aica 


exposed to solvent pi ovules a lapid and satisfactoij aiiaiigcmont 

AVhen a new membiane is used, theie is usualkv an initial lag in the pies 
sine curve due to the adjustment and settling into position of the membrane 
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as negative pressure begins to develop in the sealed solvent chamber of the 
transducer. 

SUAIMARY 

A colloid osmometer** has been described with the following advantageous 
characteristics : 

1. It is entirely automatic, i.e., no balancing of oncotic pressure with an 
externally applied pressure is necessary. 

2. A complete pressure-ti?ne tracing of the approach to equilibrium is ob¬ 
tained so that the course may be followed during the aetual run. 

3. Sei’ial determinations may be easilj^ and very rapidly performed. 

4. The instrument is capable of semimievodeterminations on volumes from 
0.5 to 0,1 cm.-'’ By making a smaller solntion chamber, the volume of solutioii 
needed can be made correspondingl 3 ’^ less. 

tVe are indebted to Dr, Milton Landowne for keen and perceptive comments regarding 
the osmometer and to Mr. Raymond Flath for his aid with tlie electric recording system. 

We would also like to thank Dr. Nathan W. Shock and Dr. Bernard L. Strehler for 
reviewing this manuscript. 
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QUANTITATITO BACTERIOLOGIC STUDY OP TISSUES, FLUIDS, AND 
EXUDATES 
Some Simplififd SlETfioDS 

Douol-vs Lindsf\, 51 D , Dn P H 
Edgi-wood, ^Id 

I T IS good to know when theic is siigai in the mine It is bettci to know 
how much, and it is best tliat this knowledge be attained wliile the information 
IS still of immediate clinical ^alue Evccpt in complex studies, it usually suf¬ 
fices to leport the glucosmia on an approximate scale of “trace” to “4+,” rather 
than in milligiams pci cent 

In compaiison with this simple example fiom clinical chemistry, bacteii 
olog^ lags behind Clinical bacteuolog} is stiH largeh a qualitatue piocess, and 
the time customaiih icquucd foi making a quahtatne determination is moic 
often measuied bj calcndai than bj stop watch Pseudoquantitative desciip 
tions, such as “piofuse growth” oi “piedominant oignmsm” gi\c little leal in 
foimation and sometimes can actualh be misleading Quantitatiie bactciiologic 
determinations can be had, liowc\ei, at the expense of moic time and a considci 
able laboratory cffoit There appeals to be no commonly used bacteiiologic 
counterpait of the “plus” leading on uime sugai 

For many t^pes of oiganisms of clinical and laboiatoiy importance, it is 
possible, by' the incoipoiation of a few simple steps into tlie laboiatoiy legimen, 
to obtain quantitatne bactciiologic leadings as a mattei of routine These read 
mgs will be estimations oi appioximations, but the^ certainly can be as useful 
and as dependable as arc “plus” readings foi sugai in tlie uiine Also, as long 
as a presumptne oi geneiic oi familial identification of the organism is suf 
ficiently useful, these leadings can often be obtained within 12 to 24 hoius aftci 
the specimen is taken 

5Iy expeiience with the methods to be desciibod is limited to the study of 
infectious processes in laboiatoiy animals, but tlieic does not appeal to be an'v 
reason why these methods should not be of clinical ^alue 

MArERI\LS \ND MFTHODS 

Matenals —Platinum loop, 0 01 ml (Fisher Scientific Company, No 13 103) Standard 
cotton tipped s«abs (Q tips, Inc, Long Island City, N I ) Pipettes and other standard 
laboratory glassnare 
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States Army or any element thereof 

Received for publication Jul> 1 19»8 

•Lieutenant Colonel Medical Corps United States Armj Present Address Directorate 
of Medical Research Chemical Warfare Laboratories Army Chemical Center Marjland 

2*19 



302 


LINDSEY 


J. Lab. & Clin. Med. 
February, 1959 


such smears have shown a high degree of internal consistency—^progressive in¬ 
crease in estimated concentration vuth increase of time in progressing infections 
as well as correlation with clinical indices of severity of infection. They have 
permitted quantitation of the bacteriologic effect of experimental antibiotic 
treatment with acceptable standard errors (Table I). In a series of 20 speci¬ 
mens, estimated simultaneously by direct smear and by Petroff-Hauser chamber 
counts, there was agreement, to the nearest logio, in 18 of the specimens. In a 
series of replicate smear determinations on 100 specimens the two estimates 
yielded the same figure in 93 eases. Estimations made on material subjected 
to successive tenfold dilutions (within the sensitivity range of the procedure) 
gave the same figure 26 out of 30 times; the successive dilutions were made using 
the 0.01 ml. loop, starting both with undiluted material and a 10'^ dilution made 
from a swab sample. 


Table I. Example or Data Obtainable by Quantitative Smear Estimates 


HOURS 1 

AFTER 
■WOUNDING 

1 infected experimental wounds 

1 UNTREATED ANIMALS j 

1 PEMCILLIN-TKEATED ANIMALS 

1 N 

1 C 

j S.E.M. ! 

1 N 

1 c 

1 S.E.M. 


15 

6.93 

+0.23 

17 

5.30 

+0.58 


13 

7.62 

±0.40 

16 

7.12 

+0.48 


6 

8.66 

+0.26 

16 

7.68 

+0.51 


N = Number of animals per group. 

C = login of mean estimated concentration per milliliter. 
S.E.M. = Standard error of mean. 


By the use of a number of differential and selective media in the plate esti¬ 
mation method, it is possible within 12 to 24 liours to make a “differential” esti¬ 
mate of the flora in the specimen on the order of the following: 

Preliminary culture data indicate the presence in the specimen of the follow¬ 
ing types of organisms in the approximate per milliliter concentration indicated: 


I. Total aerobic organisms lOi 

A. Total gram-positive aerobic IOb.s 

a-streptococci lOn 

j8-streptooocci lOc.t 

B. Total staphylococci lOo.s 

albus 100.5 

aureus 10 b 

aureus, presumptively pathogenic 10 b 

C. Total gram-negative aerobic IOb.s 

coliforms IOb.s 

noncoliforms IOb 

D. Fecal streptococci 10s 

II. Total anaerobic gram-positives lOi-s 

Lecithinase-producing organisms lOi-s 


The quantities are estimates only to the nearest whole or half logm (Fig. 
3), which explains why they may not appear to “add up”: 1 x 10® plus 1 x 10® 
equals 2 x 10®, which is stiU “10®” on such a scale. Even with such approxima¬ 
tion, this report is sufficient to imply that the specimen, a wound swab, is from a 
patient suffering from a severe anaerobic infection, probably clostridial. 

In more than 9,000 serial dilution streaked plate estimations the method 
has shown a high degree of internal consistency (Table II). Determinations of 
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lions, such as “piofusc growth” oi “piedoniinant oiganism give htth it )1 in 
formation and sometimes can actualh bo misleading Quantitative battoinb , 
determinations can be bad, howcvoi, at tlic expense ot more time and a consi 1 i 
able laboratorv effoit There appeals to be no cominonh usul Inctejn} jii 
counterpart of the “plus” reading on iiiiiie sugai 

For manv tvpcs of oiganisms of clinical and laboiatoiv inijoit m it 
possible, b> the incoipoiation of a few simple stops into the Jahoi ttoi uffinion 
to obtain quantitative hactcuologic readings as a mattei ot routine 11 1 i «d 
mgs will be estimations oi appioxirnations, but thev ceitainij ( m hi iisdiil 
and as dependable as arc “plus” readings ioi sugar in the uiin* U-'' as long 
as a presumptive oi gcueiic oi familial identification ot the oi^nn-^n is suf 
ficienti} useful, these readings can often be obtained within IJ t j _'4 houis dttei 
the specimen is taken 

ilv experience with the methods to be desenbed is limited to the studj of 
infectious processes m laboiatoiv animals, but tlieic does not appeal to be anv 
reason why these methods should not be of clinical value 


MVTFHIVL5 \M> METHODS 

ilateruils —Platmum loop, 0 01 ml (Fibber Scientific Cotnpanj, No 13 103) Standard 
cotton tipped snabs (Q tips, Inc, Long I«land Citj, N Y) Pipettes and otlier standard 
laboratory glassuare 
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Preparation of Specimen.—The specimen is used undiluted, ov prepared in a dilution 
which \s'iU place the estimated bacterial concentration within the sensitivity rairge of the 
smear and plate methods. Liquid specimens (blood or urine) are measured by pipettes; solid 
specimens are triturated after measurement by volume or weight. Rectal swabs or .swabs of 
wounds can be considered ns representing a sample of 0.1 Gm. or 0.1 ml. Most often, we 
wring out such swabs in a tube containing 0.9 ml. of trypticase soy broth, making a 10-J 
dilution. 


loop 




4 2 

:3.14X10> 


1 ORGANISM PER FIEIO 
= 10 6 ORGANISHS/ml 


Pig 1_Quantitative smear technique, usinc drop of standard diameter placed on slide by 

standard-volume loop. 



j.ig_ 2,_Successive steps in serial dilution streaking of single plate tor surf.ace plate estimation. 

Smears. _One standard 0.01 ml. loopful of prepared material is placed carefully on a 

glass slide, dried in air without heat, and fixed in 95 per cent ethanol. IVlien the diameter 
of the microscopic field is known (and it can be determined with sufficient accuracy by use 
of a bacteriologic or hematologic counting chamber) it is easy to calculate a scale for the 


\oluire 
Number ’ 
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number of organisms per average or tjpicil field in relation to the concentration ot organisms 
in the specimen Ve use a microscope with an oil immersion field approximate!} 100 n m 
radius The loop delivers a drop approximately 3 25 mm in radius Por all practical pur 
poses, With a specimen diluted to 10 i, one organism per field rcjiresents IQs organi^sms per 
milliliter in the original specimen (Fig 1) 

Plates —One standard 0 01 ml loopful of prepared mitenal is spread e\enly o\er one 
half of an agar plate 100 mm in diameter (Fig 2, A) Tlie loop i** flamed and a diagonil 
streak approximate!}* 5 cm long is made with the flat of the loop through tins inoculated 
half The inoculum so picl ed up is spread e\ciil} o\cr one of tlic lower quadrants of the 
plate (Fig 2, B) The loop is igam flamed, the inoculated quadrmt is passed through with 
a streak approximately 2 o cm long, and this inoculum is spread in the remaining quadrant 
(Fig 2, C) After incubation, plates nre read quantitatnely b} a scale sucli as that shown 
in Fig 3 


X COIONIK 

ISIllHAItD \ 

COHCfNTRITION \ 

/ l-IO 

= !o3 \ 

/ 10-100 

= 10^ \ 

/ lOO-IOOO 

= 10* \ 

1100 to RIGHT, PIUS 

i 1000 ABOVE, PLUS 

\ l_I0 = 10^ 

t-10 = TO* / 

\ >100 to RIGHT, PIUS: 

\ 10-100 = 10^-* 

10-100 = 10* * / 


FIff 1 —Scale for reading: serial dilution streaked plates 


RESULTS 

By the use of the quantitatnc smear tcclmiqiic it is possible, within one 
houi from the time the specimen is taken, to lender a leport which includes use 
fill quantitatii e details Foi example 

A direct smear examination of the specimtu indicates the presence of approxi 
mately 10^ gram positive cocci, 10s gram positive rod«, and 10* gram negative rods 
per milliliter Slost of the cocci are morphologicallv suggestive of fecal strepto 
COCCI The gram positive rods are about equallv divided between large blunt forms 
in which no spores arc seen, and smaller rods vvhich show occasional subterminal 
oval spores with swelling of tic rod The gram negative rods are all numite 
pleomorphic forms Several degenerate 1 muscle fibers are seen Culture data 
will be reported 

Quantitatnc estimations on smeais aie icpoitcd onh to the iieaiest log,„ 
oi the estimated Iiactoiiai concentration In oicr 2,000 qiiantitatne estimations 
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such smears have shown a high degree of internal consistency—progressive in¬ 
crease in estimated concentration with increase of time in progressing infections 
as well as correlation Avith clinical indices of severity of infection. They have 
permitted quantitation of the bacteriologic effect of experimental antibiotic 
treatment with acceptable standard errors (Table I). In a series of 20 speci¬ 
mens, estimated simultaneously by direct smear and by Petroff-ITauser chamber 
counts, there Avas agreement, to the nearest logij, in 18 of the specimens. In a 
series of replicate smear determinations on 100 specimens the tAvo estimates 
yielded the same figure in 93 cases. Estimations made on material subjected 
to successive tenfold dilutions (Avithin the sensitivity range of the procedure) 
gave the same figure 26 out of 30 times; the successive dilutions Avere made using 
the 0.01 ml. loop, starting both AAuth undiluted mateiial and a 10"^ dilution made 
from a sAAmb sample. 


TA.BI.E I. Example of Data Obtainable by Quantitative Smear Estimates 


HOURS 

AFTER 

•WOUNDING 

[ INFECTED EXPERIMENTAL WOUNDS 

1 UNTREATED ANIMALS ] 

1 PENICILLIN-TREATED ANIMALS 

1 N 

1 0 


! N 

1 C 

! S.B.M. 

9 

15 



jHBQm 


+0.58 

16 

13 





+0.48 

25 

6 




[iiH 

±0.51 


N = Number o£ anlmaAs per group. 

C = logw of mean estimated concentration per mllliJiter. 
S.E.II. = Standard error of mean. 


By the use of a number of diffei’ential and selective media in the plate esti¬ 
mation method, it is possible within 12 to 24 hours to make a ‘'differential'’ esti¬ 
mate of the flora in the specimen on the order of the folloAving: 

Preliminary culture data indicate the presence in the specimen of tiie follow- 
ing types of organisms in the approximate per milliliter concentration indicated: 


I. Total aerobic organisms lOi 

A. Total gram-positive aerobic lOc-s 

o-streptococci IQo 

/S-streptocooci lOfl-s 

B. Total staphylococci lOo.s 

albus 100-5 

aureus lOo 

aureus, presumptively pathogenic IOg 

C. Total gram-negative aerobic* 106.5 

coliforms lOs.s 

noncoliforms lOe 

D. Pecal streptococci lOo 

II. Total anaerobic gram-positives lOi-s 

Lecithinase-producing organisms lOi-s 


The quantities are estimates only to the nearest Aiflole or half logio (Pig- 
3), which explains why they may not appear to “add up’’: 1 x 30'= plus 1 x 10® 
equals 2 x 10®, which is still “10®” on such a scale. Et^en with such approxima¬ 
tion, this report is sufficient to imply that the specimen, a Avonnd SAvab, is from a 
patient suffering from a severe anaerobic infection, probably clostridial. 

In more than 9,000 serial dilution streaked plate estimations the method 
has shoAvn a high degree of internal consistency (Table II). Determinations of 
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50 specimens, all with leadings m the lower quadiants of the plates, agieed Mith 
the results of parallel poui plate deteimmations ±0 5 log in 48 instances 


Table XI Example or Data Obtainable by Sepial Dilution Stpe-vled Plate Estimates 


HOLPS AFTEF 
WOUNDING 

INFECTED EXPEPIMENTAL MOLNDS 

TOTVL ANAETOBIC GRAM POSITIIE OPG^MSMS 

1 UNTPEITED ANIM VLS 

I PENICILLIN TPEATED ANIMALS 

4 

3o6±024 

3 301032 

6 25 

5 00 ± 0 29 

3 45 + 0 27 

9 

Co0±0 12 

4 70 + 0 28 

12 

6 84 ±010 

6 20 + 029 

16 

7 04 ± 0 14 

6 40 + 016 

25 

7 25 + 016 

6 851012 


Tnent> fl\e animals In each group Estimates expressed as logto of mean bacterial con 
centration per milliliter i «tandard error of mean 


DISCUSSION 

The simplicity of both the smear estimations and plate estimations imites 
lead^ replication I3\cn in pour plate counting, a feu icplications makes for 
greater ^ aliditj of the estimate than docs meticulous or perfect measuring and 
dilution of the sample ^ 

For samples tal.cn hy swah, repUcate sampling is virtually mandatory A 
possible exception is in cxpeiimental work ’Rhen a great many determinations 
are made, and sampling cirors can be assumed to “average out”, a great deal 
of the lauanee in the data in Tables I and II is accounted for b\ the fact that 
onlj single samples were taken 

Foi clinical uork it nould appear uisc to haie the suab samples taken bj 
laboratory personnel rather than b^ the clinician, this is not a matter of getting 
a “better” sample, but consistent samples, so that the currency of the quantita 
ti\e data nill ha\e a stable rate of exchange In the experimental studies foi 
uhich these methods uere dei eloped, sampling times were so scheduled that one 
individual could make moie than 80 pci cent of the suabs 

So long as estimates aie made on a logarithmic basis, the sampling error 
does not appear to be affected the usual lanations in the quantity picked up 
bj the suab Sanford and associates," haie reported the standard siiab to pick 
up “110 ± 22 mg, depending upon the character of the exudate” (italics added) 
In infected experimental wounds in goats we have found the pickup to be 170 
mg ± 20 mg (standard deiiation) Shortly after wounding the exudate is 
bloody, and the mean pickup is 170 mg "Within a few hours a thin serous exu 
date appears, the mean pickup drops to 140 mg Later the exudate is seropuru 
lent, with a mean pickup of 170 mg With late and franUj purulent exudates, 
the mean pickup is 240 mg From a limited number of determinations on bloodj 
exudate containing Cr®^ tagged red cells,* it appeals that the swab delivers ap 
proximately half of the pickup when it is wrung out m 0 9 ml of broth For 
logarithmic estimations, it appears sound to accept the range of mean delivery 
(70 to 120 mg ) as resulting in a 10 ‘ dilution in 0 9 ml of broth 

•Four determinations kindly performed by Captain Henrj SI Wise 
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such smears have shown a high degree of internal consistency—^progressive in¬ 
crease in estimated concentration with increase of time in progressing infections 
as well as correlation with clinical indices of severity of infection. Thej' have 
permitted quantitation of the hacteriologie effect of experimental antibiotic 
treatment with acceptable standard errors (Table I). In a series of 20 speci¬ 
mens, estimated simultaneously by direct smear and by Petroff-Hauser chamber 
counts, there was agreement, to the nearest logio, in 18 of the specimens. In a 
series of replicate smear determinations on 100 specimens the two estimates 
jdelded the same figure in 93 cases. Estimations made on material subjected 
to successive tenfold dilutions (within the sensitivity range of the procedure) 
gave the same figure 26 out of 30 times; the successive dilutions were made using 
the 0.01 ml. loop, starting both with undiluted material and a 10’^ dilution made 
from a swab sample. 


Table I. Example op Data Obtainable by Quantitative Smear Estimates 


HOURS 

AFTER 

■WOUNDING ! 

INFECTED EXPERIMENTAL WOUNDS 

1 UNTREATED ANIMALS ! 

1 PENICILLIN-TREATED ANIMALS 

1 N 

1 C 

1 S.E.M. 1 

1 N 

1 0 

1 S.E.M. 

9 

15 

6.93 

±0.23 

17 

5.30 

±0.58 

16 

13 

7.62 

±0.40 

16 

7.12 

±0.48 

25 

6 

8.66 

±0.26 

16 

7.68 

±0.51 


N = Number of animals per group. 

C = logio of mean estimated concentration per milliliter. 
S.E.M. = standard error of mean. 


By the use of a number of differential and selective media in the plate esti¬ 
mation method, it is possible within 12 to 24 hours to make a “differential” esti¬ 
mate of the flora in the specimen on the order of the following: 

Preliminary culture data indicate the presence in the specimen of the follow- 
ing types of organisms in the approximate per milliliter concentration indicated; 


I. Total aerobic organisms lOi 

A. Total gram-positive aerobic lO^.s 

a-streptococci lO® 

/3-streptococci lOs.s 

B. Total staphylococci IQg.s 

albus 106.5 

aureus 10® 

aureus, presumptively pathogenic lOo 

C. Total gram-negative aerobic lOs-s 

coliforms 106-5 

noncoliforms 10® 

D. Fecal streptococci 106 

II. Total anaerobic gram-positives 10i-5 

Lecitliinase-producing organisms 10i-5 


The quantities are estimates only to the nearest whole or half logio (Fig- 
3), whieh explains why they may not appear to “add up”: 1 x 10® plus 1 x 10® 
equals 2 x 10®, which is stiU “10®” on such a scale. Even with such approxima¬ 
tion, this report is sufficient to imply that the specimen, a wound swab, is from a 
patient suffering from a severe anaerobic infection, probably clostridial. 

In more than 9,000 serial dilution streaked plate estimations the method 
has shoivn a high degree of internal consistency (Table II). Determinations of 
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Salt mannitol agar, aerobic, 37* C; total staphylococci, differentiation of 
presumpti\elr pathogenic organisms s 

ilacConlcey's agar, aerobic, 37* C.; total gram negatives, differentiation of 
coliform** and noncoliforms * 

SF agar, aerobic, 4o 5* C . fecal streptococci 

Blood azide egg >olk agar, anaerobic, 37* C : total anaerobic gram positives, 
differentiation of \anous types of hemolytic and lecithinitic reactions 
We make the SF agar by adding 30 Gm per liter of plain agar to SF broth s 
The blood azide egg yolk agar is based on the medium of Evan’ 6 Briefly, it con 
sists of an azide blood agar, to which is added 5 per cent bj volume of a 1 1 
dilution of sterile egg jolk in •saline The others are standard media 



FJff 4—Tjpical readings on serial dilution streaked plates Blood azide egg jolk me¬ 
dium of E\ans. anaerobic Incubation Estimations based on lecithlnase-posltne colonies onl> 
Top rois (left to right) less than 10* (no lecithinase-positne colonies hemoljtic streptococci 
onlj ) . KH (single lecithlnase-posltlie colon> in upper right of plate) 10* 10* (there is groivth 
in loner quadrants but it is e\Ident at a glance that there are le^s than 1 ODO colonies in the 
upper haJC of the plate) Lower row (left to right) 10*. 10**, 10*. and 10^* 


For the method of streaking these plates, to gi\e quantitatne estimations 
at a glance (Fig 4), and on a single plate, of concentrations \vithin a range of 
some 7 logs (<10^ to >10^®), I am indebted to Baker and Noyes ^ Surface 
plate counting is not new; methods are well known for distributing a sample by 
tipping the plate, spreading with a glass rod, or dropping from a pipette.® 
Baker and Noyes demonstrated the simplicity and utility of a standard-volume 
loop, and the principle which I have come to call serial dilution streaking, to 
make estimations over a range of 5 logs (<10^ to >10®). The plate estimation 
method described herein is simply a further extension of their principle, for 
V hich they deser\’e the entire credit. 

The principle of placing a known quantity of a kno^vn dilution of material 
on a knovTi area of a slide to permit quantitative determinations on stained 
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Even when swabs are taken by the same individual, and show close agree¬ 
ment in pickup weight, there is considerable variation between samples. In 100 
paired determinations, 56 pairs gave the same reading on the plate scale; 38 
differed by one scale reading; 6 differed by two scale readings (1 to 1.5 log). 

It is difficult to decide on the basis for calibration of the smear technique; 
perhaps no calibration is required—^the organisms are there, they can be seen 
and counted. The smear technique does not differentiate between viable and 
nonviable organisms. Plate techniques do not discriminate between single or¬ 
ganisms and clumps. For these reasons, smear estimations generally run one 
log higher than parallel pour plate or serial dihrtion streaked plate estimations. 

For “nearest log” estimations, the dividing line is a decimal scale of “3.” 
If one organism per field represents 10® organisms per milliliter in the original 
specimen, then 3 organisms per field = 10®-® organisms per milliliter = “10" 
per milliliter.” It is our custom to start the examination in the center of the 
drop and work out field bj^ field through the edge of the drop, up or down one 
field, then back to the center for a total of approximately 30 fields. Working 
with a 10’^ dilution, and a field of 100 radius, and jiTdging the average or typi¬ 
cal field by “sight” and not by actual count, the estimate is made on the follow¬ 
ing scale: 


No organisms seen in 

30 fields (i.e., <3 per 100 fields) = <10® 

3 per 100 fields to 3 per 10 fields = 10® 

3 per 10 fields to 3 per field = 10® 

3 per field to 30 per field = 10”^ 

30 per field to 300 per field = 10® 

300 per field to 3,000 per field = 10® 

>3,000 per field >10® 


Calibration of the serial dilution streaked plate method sho^dd be performed 
in the individual laboratory. For estimates made on growth limited to the up¬ 
per half of the plate, this is a matter of simple arithmetic: a sample of known 
size and known dilution has been plated. For estimations on the lower half of 
the plate, a scale such as that shown in Fig. 3 is determined from actual ex¬ 
perience in comparison to pour plate determinations. The actual scale will de¬ 
pend on the teclmique of streaking, the character of the surface of the plates 
used, and the character of the material streaked, that is, on the efficiency of 
pickup and distribution of material from the previously streaked area. 

The differential and selective media and incubation technique used as a 
basis for presumptive or generic identifications in rapid quantitative estimations 
is a matter of choice for the indmdual laboratory. Our experience has been 
limited to the following, which are sufficient to support a report of a bacterio- 
logie “spectrum” such as the example cited above. 

Blood agar, aerobic, 37° C.: total aerobic estimate. 

Blood azide agar, aerobic, 37° C.: total aerobic gram-positives; differentia¬ 
tion of hemolytic reactions without interference from gram-negative 
overgrowth. 
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AN ACCUKATE DEVICE FOE THE MEASUEEMENT OP DISTANCE 
ON THE ELECTEOCAEDIOGEAM AND OTHEE PEEMANENT 

EECOEDS 

Edward E. Powsner, M.D.,* and Ehoda M. Powsner, jM.DA* 
Dearborn and Ann Arbor, Mich. 

F oe accurately determining the interi’elationship of the events in each of the 
limb and chest leads of the electrocardiogram, it has long been customary to 
employ a dual-channel recorder. One of the channels is used for recording 
each of the limb and chest leads in succession while the other channel is used 
as a reference lead. The reference lead then serves as a satisfactorj^ time index 
relative to which the events in the other leads may be measured. 

To facilitate electrocardiographic measurement, a number of devices both 
mechanical and optical have been described. The majority of these consist of 
nilers or other scales inscnbed so as to permit the direct conversion of distance 
into time.^ Others consist of caliper-like instruments in which the distance be¬ 
tween fixed and movable indicator marks is read on an attached scale.°’ ® Some 
of these permit alteration of the scale factor and are adaptable to the use of 
verniers for increased accuracy. None of these, however, was readilj'^ adaptable 
to the present problem involving the measurement of a large number of simul¬ 
taneous recordings. This difficulty has been overcome by the dewce herein 
described which has been successfully used on a large number of recoi’ds col¬ 
lected recently by one of us (E. M. P.). 

JIATERIALS AND METHODS 

Method, of Construction .—The device consists of an indicator line, the movement of 
which is registered by an accurate dial indicator; a threaded knob for advancing the indicator 
line smoothly; and a nonslip base for holding the entire device firmly on top of the electro¬ 
cardiogram. This is illustrated in Fig. 1. 

A dial indicator graduated in units of 0.01 mm. with a total traverse of 25 mm.t was 
fastened in a convenient position to a stand constructed of %(j inch aluminum stock. Not 
visible in the figure is a small aluminum support projecting up from the base of the stand 
to which the lug at the back of the dial indicator was attached by a suitable screw. A bronze 
bushing % inch long was force-fitted into the upright portion of the stand coaxial with the 
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actuator rod of the dial indicator The bu«hing vas tapped to receive a 14 threaded 
bra«s rod with a knurled knob at one end This threaded rod turns smoothly in the bo-hing 
for a distance sufficient to advance the dial indicator the full 2 j mm -Vn aluminum turning 
was drilled to receive the extension of the right hand end of the actuator arm (This ex 
tension is available with the dial indicator or can be made from a suitable steel rod ) A 
plastic indicator was attached to the face of the aluminum turning -k «mgle line 6 ctm 
long was in-scnbed on the underside of the plastic and filled with red pigment to contrast 
with the ECG This line serves a"* the indicator Final adjustment of the height of the 
indicator line was simplified by using «lots in the pla^stic at its point of attachment to the 
aluminum turning k carrvmg knob nas attached at the right hand end of the stand to 
facilitate lifting without damaging the actuator rod k sheet of firm rubber, % inch thick, 
was cemented to tl e bottom of the aluminum base 





ilethod of Operation—The instrument is placed on the record to be mea'^ured ^o that 
the indicator line is parallel to the time line of the record, i e , at right angles to the direction 
in which the record moved through the recorder Its operation involves onlv turning the 
knurled knob to advance the actuator rod of the dial indicator and, with it, the indicator 
Ime Distances are then read directly from the face of tl e dial indicator Vote that the 
face of the dial indicator rotates «o that zero mav be placed under the pointer for anv con 
venient location of the line The indicator hue is long enough to cover both channel® of the 
average dual channel recording and to permit celling the dial at zero with the line correctly 
located relative to the constant or timing channel 

The process of multipbcation required to convert the measured distances to time can 
be simplified by the use of a conversion tabic or by the n^e of a dial face graduated in 
millicecoi-ds 


PISCUbSIOV 

This device lends itself -well to the measurement of many ta-pes of medical 
recordings including electroencephalograms, electroretinograms, pulse and pres 
sure recordings, and ballistocardiograms It mav also find application m the 
measurement of spectrographic and other photographic plates as ell as of paper 



310 


POWSNEB AND POWSNEB 


J. Lab. & Clin. M( 
February, 19 


electrophoresis patterns. If necessary, dial indicators with longer traverse or 
greater sensitivity maj' be emploj'ed. 

Accurac}^ is limited only by parallax and by the accuracy of the dial inc 
cator selected. The former is held to a minimum by the location of the indicah 
line in close proximity to the record being measured. The accuracy of availab 
dial indicators far exceeds that necessary for the most exacting measurement 
The tj^e indicator employed here is routinely tested at 0.25 mm. intervals ovi 
its entire range for compliance with the commercial tolerance of plus or mini 
one scale division (0.01 mm.) as specified by the National Bureau of Standards 
It is clearly more accurate and linear than the most reliable available rule an 
has proved so in use. In our experience the limiting factor has always been tl 
linearity of the record itself. 


SUMMARY 

Tlie construction and operation of an instrument for the accurate measun 
ment of electrocardiograms and other records is described. 


We visli to thank the Department of Eadiology and, in particular, Norman R. Horwit 
WajTie State University, for advice and the use of their facilities in the construction of th 
instrument. 
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INFLUENCE OP FUNGUS STEAIN AND LAPSE OF TI2IE IN BXPEEI- 
JEENTAL HISTOPLASMOSIS AND OP VOLUJIE OP INOCULUM IN 
CEYPTOCOCCOSIS UPON EECOVEEY OP THE FUNGI 
Dox \LD B Loom i, M D ,* Nfd Peder, M.D , IYilliam Mitchell, B S , 
Chester IV. Emaioxs, Pii D 
Betiiesd\, Md. 

T he etiologic diagnosis of a mj'cotic infection requires the isolation and 
identification of the fungus. Fungi may be isolated by direct culture or 
by animal inoculation of pathologic materials In some instances of proved 
mycoses, both methods of obtaining cultures may fail 

The difficulties sometimes encountered in obtaining a positive culture led 
U5 to imestigate tuo factors influencing the isolation of pathogenic fungi. 
These -svere* (1) the effect of increasing the time interval between inoculation 
of a fungus into mice and sacrifice of the animals for its recoveiy in culture 
from the organs, and (2) the influence of increasing the lolume of cerebro¬ 
spinal fluid used for culture on the isolation of Cryptococcns npofoimans from 
patients with crjqitococcal meningitis 

■\UTERIILS l.\D METHODS 

Female Sim«s uliite mice (NIH geoeral purpo<«e strain) ueighing 17 to 20 grams i\ere 
used in all experiments Mice were infected with ffistophma capsufatum, strain 6624, or 
with C neoforman^, strain 114S Both of the«e fungi hare been u'^ed in many experimentaJ 
studies and hare maintained a constant rirulence for mice during mam serial transfers in 
culture However, strain 0024 no longer sporulatcs freely m culture and may be atypical m 
other unrecognized characteristics. In later experiments, 3 strains of U capsulntum (F 9961, 
P 9965, and F 9673) receatl} isolated from patients in the Chnical Center, National Institutes 
of Health, and one strain (F 9671) recenth i< 5 olated from 'oil on premises where a patient 
with fatal histoplasmosis had been exposed were conierted to the least phase and subjected 
to the same tests 

Yeast phase cultures of J7. capsulatum were harvested m saline from cysteine blood agar 
slants after incubation at 37® C for 48 hours The suspension was diluted m saline so that 
each mouse receh ed an inoculum containing 10, IO 2 , 10^, 10*, 10’, or ID's cells. Hemo- 
cytometer counts were used to estimate the number of organisms in the concentrated sus 
pensions The accuracy of the more dilute suspensions was occasionally checked by cul 
tunng ill duplicate 1 ml of the saline suspension on 20 ml of Sabouraud's agar m a 125 ml 
flask. 

C. neoformnns was harvested in '•.iline from a Sabouraud's agar slant after incubation 
for 24 hours at 30® C Dilutions and hemocj*tometcr and colony counts were done in the 
same manner as for JT cnpsulaittm 
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electrophoresis patterns. If necessary, dial indicators with longer traverse or of 
greater sensitivity may be employed. 

Accuracy is limited only by parallax and by the accuracy of the dial indi¬ 
cator selected. The former is held to a minimum bj’- the location of the indicator 
line in close proximity to the record being measured. The accuracy of available 
dial indicators far exceeds that necessary for the most exacting measurements. 
The t3'pe indicator emploj^ed here is routinelj’’ tested at 0.25 mm. intervals over 
its entire range for compliance with the commercial tolerance of plus or minus 
one scale division (0.01 mm.) as specified by the National Bureau of Standards.'* 
It is clearly more accurate and linear than the most reliable available rule and 
has proved so in use. In our experience the limiting factor has alwaj^s been the 
linearity of the record itself. 


SUMMARY 

The construction and operation of an insti’ument for the accurate measure¬ 
ment of electrocardiograms and other records is described. 


"We wish to thank the Department of Radiology and, in particular, Norman B. Horwitz, 
tVayne State Unirersity, for advice and the use of their facilities in the construction of this., 
instrument. 
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Si\ \\<cks nLtci inridion 7 oi b Jiiut still vr1<Ic( 1 j)()sitiVL cultuics ftojii 
iitlui th( livoi 01 sj)lc(n, lull th<t( v\ is a dofinito d(cieasc in the nunilx i of 
(olonies on each slant 

Onh 7 ot 3G cultuics ol Inci and spleen taken lioin lb mice saciificed S 
v\ecks aftei intiapeiitone.al intcction showed giowth of // capsnlatum, and 
tliese Melcled less tlian IG colonics pel slant All ciiltmes from animals sacii 
ficed 10 weeks aftci infection wcie stciile 

Mice infected intia\en(msh with 10 to 10 cells of stiam 6G24 showed a 
similai piogiessnc deeiease in the pi opoi turn of iiositive cultiues although 
the decline in ^eco^e^al)le fungi was less stiiking than seen aftei intiapeu 
toneal infection 

Results obtained weie diffeicnt when 4 leecntlj isolated shams of // 
cupsulatum wcic tested undei similar conditions Gioups of 10 mice weie in 
leeted iiitiapeiitonealh with 10 , 10‘, or 10'' cells of each sham The lecoided 
degice of lecoveiy of llistoplnsim fiom these mice (Talile 11) is based upon 
the aveiage colony count in 4 agai slants (2 spleen and 2 Inei) fioni each 
mouse In two of the stiains, P OGGI and P 9G73 theie was no obsened de 
Cl ease in the number ot colonies gi owing in cnihiies with eithei small inocula 
01 lapse of time up to 10 weeks In the othci two stiains, thcie was a dccteaso 
in mimbei of colonies aftei the lapse of 4 weeks in mice infected with 10^ and 
10^ cells, although the lowei level was sustained at the tenth week An inocu 
him of lO** cells of P 9G71 was lethal and no mice sunived foi testing at 10 
weeks Sinulailj, 10'' cells of P OOGG and of P 9673 killed the last of the miei 
bofoie the 8 weeks’ testing peiiod 


rABii IT PtcovEiv 01 4 rvncAf, Kfclmiv Isolated birAms of H Capsuivtim at 
Vapvino Timl Ivtehals After Intraperitoneai Inocuiatios 

AM) AT 3 LrVFLS OP INOCI I*A 


STrAIN 1 

INFECTINC 

DOSE 

2 VVEtKS 

1 4 WEEKS 

I 8 WEEKS 

10 WEFKS 

F 9GG1 

lO'’ 

4 *‘ 

4 * 

4 * 

4 


10* 

4* 

4 

4* 

4 


lO*- 

4* 

4 

4* 

4 

F OGfo 

10 

4* 

3 

o 

1 


10* 

4* 

4 * 

2+ 

1 


10 

4* 

4 * 

xt 

X 

F 0071 

102 

4* 

3* 

3* 

1 


10* 

4* 

2* 

2» 

3 


IC' 

4* 

4 

2 

X 

F 0673 

10'’ 

4 

4 

4 * 

4 


10* 

4* 

4 

4* 

4 


10« 

4 

4* 

X 

X 

•Key -i+ represents 50 or 
colonies an 11+ 1 to 3 colonies 

moie colonies 

per slant 3+ 

16 to •I'l colonics 

+ 4 t 1 


■‘X = no sur\I\mg mice for examination 

Since the lesults with the 4 recently isolated shams did not paialld those 
observed with the old laboiatoi} sham all 5 stiains weie letested simultane 
onsl> Cultures woie haivcsted at 48 houis by suspending cells in cold saline 
containing 01 pei cent ejsteme Mice weie infected intravonoiish with 10 
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Each of the cultures studied was injected in the indicated concentrations intraperi 
toneally or intravenously into separate groups of 10 mice each. Two animals from eacl 
group were sacrificed at various intervals from 2 to 11 weeks following infection. Tin 
livmr and spleen were removed and a portion of each was placed separately on a Sabou 
rand’s agar slant, crushed with a stiff wire loop, drawn back and forth across the slan 
several times, and left on the agar. This method of culturing tissues from experimenta 
mice (rather than the more quantitative method of grinding and diluting weighed portion: 
of tissues) was used because it is the method commonly used in this laboratorj' for exami 
nation of mice inoculated with pathologic tissues or exudates. It was the eificiency Oj 
this method which was being tested. All slants were incubated at 30° C. and examinee 
for growth after 1, 2, and 4 weeks. 

The effect of increasing the volume of cerebrospinal fluid used in direct cultures or 
the recovery of Cryptococcus was studied in 7 patients with suspected or proved crypto 
coecal meningitis. A specimen consisting of 4 to 8 ml. of spinal fluid was cultured in each 
experiment. The fluid was distributed between test tubes containing 5 ml. of Sabouraud’s 
glucose agar “slants” and Erlenmeyer flasks (125 ml.) containing 20 ml. of agar. 
Either 0.1 or 0.25 ml. of spinal fluid was pipetted into each tube, and 0.5, 1.0, or 2.0 ml 
was pipetted into each flask. The tubes were kept semiliorizontal until the spinal fluic 
had dried on the slant. In addition, a 2 ml. sample was centrifuged at 3,000 r.p.m. foi 
20 minutes and 0.1 ml. of the “sediment” was pipetted in duplicate onto the slants. All 
tubes and flasks were incubated at 30° C. and were observed for 3 months before being 
considered sterile. 

Table I. Eecovery op an Old Laboratory Strain of II. Capsulatum From the Livers 
AND Spleens of Mice With Infection of Increasing Duration Following Intra- 

PERITONEAL INOCULATION. AT EACH TIME INTERVAL MICE EECEIVING FrOM 

10 TO lO"' Cells op H. Capsulatum (F 6624) are Grouped To- 
OETHEP. Since the Eesults Were Simiiak for All Sizes 
of Inocula Used 


! 

weeks* 

1 number of colonies per slant ! 

1 total 

cultures 

1 (liver and 

i SPLF.EN) 

1 0 

i 1-3 

1 4-15 

1 16-4!) 1 

50 1 

2 

2t 

0 

1 

11 

22 

36 

4 

4 

4 

13 

8 

7 

36 

6 

3 

6 

4 

3 

0 

16 

8 

29 

5 

2 

0 

0 

36 

10 

16 

0 

0 

0 

0 

16 


*Duratlon of animal iniecUon prior to sacrifice. 

iTiie two sterile cultures represent the liver and spleen ot an animal inoculated with 
10 yeast cells. 


RESULTS 

Recovery of Fungi After Animal Inoculation .— 

Histoplasma capsulatum: The results of the first two experiments, using 
mice infected intraperitoneally with an old, nearly sterile strain of II. capsula¬ 
tum (6624) are summarized in Table I. Slice receiving all sizes of inocula from 
10 to 10^ yeast cells are recorded together in the table, since the final results were 
generally similar in all groups. 

Cultures of liver and spleen were positive in 17 of 18 mice sacrificed 2 
weeks after intraperitoneal infection, and the majority showed heavy’ growth. 
The cultures from one animal which received an estimated 10 organisms were 
negative. 




riMI- 1^TJ■ I{\ VL IX KI-CO\ LRl Ot 1L>C.I Qlf; 

Number’ 

of the cultuies foi 6G24 \\eic ncgatne, 90 pci cent foi T 9G65, 58 jiei cent foi 
r OGGI, 35 pel cent foi V 9G71, and 25 pei cent foi T 9673 Meie likewise nega 
ti\e Poi .nil 5 strains at all of the 3 sampling peiiods, 234 of 600 cultures 
(.30 pel cent) wcie negatnc and 95 of these (406 pci cent) wcie fiom mice 
inoculated with an estimated 10 cells Of the 360 cultuies made fiom mice 
rceening strains F 96G1, F 9671, and F 9673, 66 (24 pei cent) weie negafne 
and 32 of these (37 pei cent) wcie fiom mice inoculated with an estimated 10 
cells 

Kccoiciij of Cryptococcus neofo}mans: After mouse inoculation no diclinc 
in In Cl and spleen fungal populations with lapse of time was noted following 
intiapentoneal infection witli C ncoformans All cultuies of luei and spleen 
lemained stiongh positne up to 10 weeks aftei intiapentoneal infection with 
10 to lO'" cells Theie was no ccidcncc that delai in sacnfice of the mice 
icsulted in an^ change in the numhei of mice wnth positne cultuies oi in the 
luimliei of colonics pii positn e slant 


TvurE I' Inkience of Ioilme oi Spinvl Fuid CtUTurEn os the Ppororrios of Post 
Ti\r CtiTirES Fpoai TiirrF Pvtients With Cr\PTOcoccvT MEsnsoixis 


rVTIFNT 1 

NiniBFR OF 

1 LCMB\P 

1 rt NCTl RES 

\OU WE OI 

SPIN \L FLl ll> 

PEP TLBF 
or FL.\SK 

(ml ) i 

NUMBEF OF lOSI 
TlVE Ct IT! FES 
PEP TOT\I NIM 
BFR INOCII.ITEP | 
OF CLLTl PFS 

colonies pei 
rosiTivr 

CLLTlPE 

D K 

3 

01 

2 /s 

1 



0 23 

O/'S 




05 

2/-I 

1 



1 0 

3/3 

334 

G 

3 

01 to 023 

0/20 

- 



20 

1/2 

o 

J ^ 

4 

01 

0/14 

- 



0 23 

2/S 

1,1 



05 

1/6 

1 



1 0 

4/3 

1 ,1,2 2 



20 

3/5 

3,1 3 


Recovery of Cryptococcus neofonnans From Cerehiospinal Fluid by Direct 
CuUuic —Four of the se^cn patients studied had main Mable organisms per 
millilitei of spinal fluid as determined bj colonj counts on Sabouraud’s agai 
In these patients, as little as 0 05 ml of spinal fluid ga\e positi\c cultuies 
In the othei 3 patients, the lesidts of cidtuie weie influenced signifieanth 
by the size of the spinal fluid sample The lesults of seicral spinal fluid 
studies on each of these patients are summaiizcd in Table IV The spinal fluid 
of each of these patients had on the a\eiagc appioximateh one Mahle cell of 
C neofonnans pei millilitei, as deteiniiiied h} colonj count on Saboiiiaud's 
agai It IS clcai fiom Table IV that, when the concentintion of Mable oigan 
isiws m the spmal fluid was low, cultuies wcie moie likeh to be positne if 
laigei lohinus of fluid wcic used This was tiue legaidhss of whether the 
cntiie sample was placed in 1 oi 2 flasks, oi whethei it was distnlmted among 
mam tubes On seieial occasions oiih one coloin of r ?jro/o/mc/m giew fiom 
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1U-, or JO'' yeast cells of llistoplasma. At Hutops.y, the spleen was split longi¬ 
tudinally and planted on two slants. A cube of Iwer approximately 5 mm. on 
a side was similarly divided between two slants. 

Cultiires were graded 1 to 4 plus as before. Later, in tabulating results, 
it Avas found desirable to estimate the total number of colonies isolated from 
each mouse and median Amlues were assigned to each of the 3 loAver grades 
(1+ = 2, 2-)- = 9, 3+ = 33) and 4+ Avas Amlued at 125. Using these estimates. 
Table III Avas constructed to shoAv the approximate number of Histoplasma 
colonies isolated in the entire experiment. Each figure in the Table represents 
the estimated number of colonies on 8 slants inoculated Avith spleens and livers 
of 2 mice. 


Table III. Estimated Total Number op Colonies of Histoplasma Isolated at the 
Inoculation Levels and After Tuie Intera'Als Indicated. Each Number 
Eepresents Estimated Number op Colonies on 8 Slants Inocu¬ 
lated From Spleens and Lia-ers op Tavo Mice 


STRAIN 

INFECTING 

DOSE 

2 aveeks 

4 aveeks ' 

1 6 AVEEKS 

10 aveeks 

14 AVEEKS 

6624 

10 

0 

0 

0 

0 

0 


10= 

46 

84 

132 

66 

2 


10= 

130 

168 

17 

4 

0 

F 9661 

10 

522 

28 

15 

33 

s 


10= 

1000 

167 

324 

13 ■ 

0 

1 

10= 

60S 

88 

30 

26 

226 

F 9665 


400 

88 

2 

0 

0 



553 

40 

4 

2 

0 



560 

383 

9 

13 

2 

F 9671 

10 

345 

106 

26 

6 

36 


10= 

246 

86 

33 

6 

31 


103 

415 

128 

2 

57 

44 

P 9673 

10 

536 

99 

147 

134 

86 


10= 

540 

48 

168 

111 

59 


103 

632 

17 

79 

113 

40 


In general, in the mice inoculated intravenously, there is a much more 
apparent decrease in the number of colonies recoAmred than in mice inoculated 
intraperitoneally Avith the same .strain of Histoplasma. With the exceiDtion of 
strain 6624, there Avas a decrease in the number of colonies at the fourth Aveeks’ 
sampling. HoAveAmr, in 5 of the 15 pairs of mice killed after 6 Aveeks, there 
Avas a rise in the number of colonies. Strains P 9671 and F 9673 and 10^ cells 
of P 9661 produced a high level of infection up to 14 Aveeks. IIoAvever, at 14 
Aveeks 4 of 15 pairs of mice did not yield cultures. No cultures Avere recovered 
from any of the mice inoculated AAuth 10 cells of strain 6624, and these 10 
mice are omitted from consideration in the folloAving tAvo paragraphs. 

Data from Avhich Table III Avas derhmd shoAV that 3.5 per cent of the 
cultures from mice killed 2 Aveeks after inoculation Avere sterile. The number 
of sterile cultures rose to 22 per cent in 4 AAmeks, 40 per cent in 6 Aveeks, 50 
per cent in 10 Aveeks, and 59 per cent in 14 Aveeks. 

Large differences in ability to survive and to produce chronic infections 
in mice Avere noted among the 5 strains tested. Thus, at 14 Aveeks, 94 per cent 
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of tlic cultuies foi 6G24 \\eic ncgatne, 96 i)ci cent foi V 9605, 58 pci cent foi 
r 9061, 35 iici cent foi F 9671, and 25 pei cent foi P 9673 ^\eie hkeuise nega 
tne For all 5 stiams at all of the 5 sampling penods, 234 of 600 cultuies 
(39 pel cent) ueie negatnc and 95 of these (40 6 pei cent) ueie fiom mice 
moculatcd uith an estimated 10 cells Of the 360 cultuies made fiom mice 
leeening stiains P 9661, F 9671, and F 9G73, 66 (24 pei cent) ^\ele negatne 
and 32 of these (37 pei cent) ueic fiom mice inoculated uith an estimated 10 
cells 


Hccoicn/ of Clyptococcus ncofonnans Aftci mouse inoculation no dicline 
in h\ei and spleen fungal populations with lapse of time uas noted tollouiinr 
intrapeutoneal infection uith C jico/o/mows All cultuies of Inei and spleen 
lem.iined stiongb positne up to 10 ueeLs aftei intiapeiitoneal infection ^\ith 
10 to 10'* cells Tlieic uas no CMdencc that dela\ in saciificc of the mice 
lesulted in anv change in the miinbei of mice i\i1h jiositne lultuics oi in the 
numhei of colonies pci positnc slant 


T\bii 1\ Inmience op Voiumf op Spinai Piui) CuiTUPEn on the Projoition Ot’ Posi 
TUP CiUTorFS FroM T/rrrf P\t;evts Uitii Cp\ptococc\l MEsrsrms 
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r\TIEST 

M MBFP OP 
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UFR INOCUrVTFJ) 
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1 COIONIES PLI 

1 rOSITllF 
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D K 

3 

01 

vs 

1 



025 

0/S 




05 

v-i 

1 



1 0 

V5 

1,3 4 

U G 

5 

0 1 to 0 -’5 

0/20 

. 



20 

IV 

2 

J K 

4 

01 

0/14 

_ 



0 25 

2/S 

1,1 



05 

1/6 

1 



1 0 

4/5 

1 ,1,2 2 



20 

3/j 

I 1 3 


Recovery of Cryptococciis ncofonnans From Ceiehtospinal Fluid hy Ducct 
Cidture —Four of the se\en patients studied had manj Mable oigamsms pel 
milhlitei of spinal fluid as deteimincd colonj counts on Sabouraud’s agai 
In these patients, as little as 0 05 ml of spinal fluid gaie positne cultuies 
In the othei 3 patients, the icsults of cultuie were influenced significantlj 
by the size of the spinal fluid sample The lesults of se^clal spinal fluid 
studies on each of these patients aie summaiizcd in Table IV The spinal fluid 
of each of these patients had on the axeiagc appioximateh one -Mable cell of 
C ncofonnans pei milhlitei, as dcteimined bj colonj count on Sabouiaud's 
agai It IS clcai fiom Table IV that, -uhen the concentiation of -Mable oigan 
isms in the spinal fluid -\\as Io-i\, cultuies -weie moie hkelj to be positne if 
laigei Nolunus of fluid ucic used This uas tiuc regaulliss of uhothei the 
entne sample uas placed in 1 oi 2 flishs, oi uhethei it uas distubutcd among 
main tubes On seitial oieasions, oiih one coIiuin of C ncnfoi nutn<i *ric\\ fiom 
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a total sample of 4 ml. of spinal fliiid. In none of the 3 patients was the organ¬ 
ism isolated by cult\u-ing a total of 0.2 ml. of “sediment” from 2 ml. centrifuged 
at 3,000 r.p.m. for 20 minutes. 


DISCUSSIOX 

Previous studies by Salvin' and quantitative tests l)y Rowley and lluber- 
indicated that tissue titers were maximal 14 days after infection with 11. cap- 
sulatnm and progressively decreased thereafter. Our studies confirm these 
observations and demonstrate differences among strains of Histoplasma and one 
fallacy of using old atypical laboratory strains of fungi in investigations of 
this type. 

When infected tissues or body fluids from patients suspected of 11. cap- 
sulatmn infection are injected intraperitonoally into mice, the time interval 
between animal injection and sacrifice of the mice for culture may be of great 
impoi'tance. In the present studies, best recovery of fungi was obtained with 
one old laboratory strain and two more recently isolated strains when the 
animals were sacrificed 2 nmeks after infection. With these strains, as the 
duration of time following animal inoculation was increased, the number of 
animals demonstrating infection, or the number of colonics isolated from in¬ 
fected mice decreased, suggesting that mice spontaneously eliminate or markedly 
diminish IT. cap)sulatuvi infections. Two other strains possessed a greater ability 
to survive and produce a chronic infection in the mouse. No decline with time 
in isolations of fungi was noted in experimental C. neofonnans infections. 

It is suggested that in diagnostic studies several mice be sacrificed 2 weeks 
after intraperitoneal injection of tissues or body fluids where H. ca 2 )sulatwn 
infections are suspected. This would provide optimum conditions for the iso¬ 
lation of some strains of H. capsnlatmn and would also be satisfactory for the 
recovery of C. ncoforman.<i. The optimum time of sacrifice for isolation of other 
pathogenic fungi (including other strains of 11 . capsulatnm) has not been ade¬ 
quately studied. Until this time is known, additional mice should be sacrificed 
4 to 8 weeks after injection. 

When mice arc inoculated with soil suspensions in sWdies of saprophytic 
sources of Histoplasma and other pathogenic fungi, other cogent considera¬ 
tions may dictate a longer time interval between inoculation and sacrifice. 
Sainophytie bacteria and fungi present in such inocula may survhm for some 
time. Unless mice are allowed to live until such saprophytes have been de¬ 
stroyed. growth of pathogens may be inhibited or obscured. Therefore, an 
interval of 4 to 6 weeks between inoculation and sacrifice is customarilj’’ al¬ 
lowed as an acceptable compromise in studies of this type. 

Three of the 7 patients with suspected or previously proved cryptocoecal 
meningitis had negative si)inal fluid cultures when small volumes were used 
for direct culture. In each ease, rry])toeoccus was isolated when the size of 
ihe sample used foi- euitin’c was increased. It is probable that the value of 
culturing large samifles apiflies equally well to the isolation of other .species of 
fungi and also to other body fluids and exudates. 



“iniL INTEin VL IV lILCO\ER\ OF FL^Gr 


317 


Tlieiefoie, ^\hen coinentional cultuies foi fungi aie negatne in a patient 
suspected of haiboiing a imootic infection, it is suggested that laigei lolumes 
of fluid be cultuied As the size of the sample is incieased it is impoitant to 
increase the ^olume of cultuie niedmm used since a high blood oi exudate to 
medium latio maj inhibit the giowth of some miciooigamsms At least 20 
ml ot blood unne oi exudate and a iniinmum of 7 ml of spinal fluid should 
be used in oidei to incicase the likelihood of ohtainmg jiositne cultuies 

Tlie piesent expenments show that the time intei\nl beti\oen inoculation 
and saenfiee uas impoitant iii the ieco\ei\ of some stiains of II copsulafum 
fiom inei and spleen of mice used in expenmenfal studies The optimum 
intenal A\as 2 ueeks Inci easing the intenal to S to 14 •\\ceks deci eased the 
piopoition of positne cultuies of ccitaiii stiains A unifoim deciease uas not 
appaient in some ieecntl\ isolated stiains Xo decrease in positne cultuies 
Mas noted upon ineieasing the intenal between inoculation and saenfiee aftei 
infection wnth C jicofoi man-i AMicn mouse inoculation is used as a method of 
diagnosing suspected fungal disease, it is suggested that sereral mice be saenficed 
2 weeks after mtiapeiitoneal inicction of specimens possibh infected with funs:i, 
and that additional mice he sacrificed 4 to 8 weeks aftei inoculation 

B\idence is also piesented indicating that culture of a laigc %olumc ot 
spinal fluid is an impoitant faetoi in the isolation of C ncoformans fioni some 
patients with ei^ptocoecal ineiiingitLS It is suggested that at least 20 ml of 
blood, unne or exudate, and a nunininm of 5 ml of spinnl fluid be cultuied 
when comentional cultuies foi fungi aic negatne in a patient suspected of 
haiboiing a mjcotic infection 

RFFFREXCI'j 

1 SaUiii, S B Further Studies on the IiumunirntJon of "Mice Hi''topla'!m'i ( np 

«uHtuni, \in J Hvg 61 72 81, 1^55 

2 Bowler, D A, nnd Huber, Gronth of Hi<»topJa’«nii tap^uJatjirn uj ‘Normal Super 

infected and Immunized Mice, J Immunol 77 15 2'^, ll>o6 



A PRACTICAL METHOD FOR THE SEPARATION OF LYMPHOCYTES 

frojm granulocytes 

Lutz E. Ventzke, M.D., Seymour Perry^, M.D., and Gaetano Crepaldi, M.D. 

TjOS Angeles, Calif. 

With the Technical Assistance op Jeanine Green and Robert Schrot 

M any methods have been described for the isolation of leukocytes from 
whole blood, as well as for the separation of peripheral blood lympho¬ 
cytes and granulocytes. 

•Jago^ has recently reviewed the literature so that it is only necessaiy to 
mention a few of the more important and latest contributions. 

Kline- modified Ottesen’s method and used a “Lueitc swimmer.” Follow¬ 
ing centrifugation, a well-defined layer of cells, containing the lymphocytes, 
is present within the “swimmer’s” central capillary. Careful aspirations re¬ 
sulted in lymphocyte fractions above 90 per cent in purity. 

Jago' described a method based on the differing densities of lympho¬ 
cytes and granulocytes and employing sedimentation and centrifugation. In 
her experiments the mean percentage yield of lymphocytes was 32 ± 22, the 
mean percentage purity of lymphocytes 99 ± 2.2. 

Philippu^^ used the method described by Szilard and separated the dif¬ 
ferent types of leukocjdes loj'' centrifugation of the leukocyte suspension in a 
Wintrobe tube. Pie reported a top layer consisting of 92 to 96 per cent 
lymphocytes and a bottom layer of 90 to 98 per cent granulocytes. 

This laboratory has long been engaged in the studies of leukocyte physi- 
ology.^-® As part of these investigations, it has become important to separate 
lymphocytes and granulocytes of the peripheral blood with a sufficient yield 
to enable us to perform desoxyribose nucleic acid (DNA) extractions. Accord¬ 
ingly, a simple method has been developed which allows good separation and 
jdeld. 

JIATERIALS AND METHODS 

Methods .—Initial separation of W.B.C. from E.B.C. is performed with tlic u.se of a 
dextran sedimentation method as mentioned in the articles hy Skoog and Beck.r, s Lym¬ 
phocytes and granulocytes, differing in density, are then separated by centrifugation. 

Blood is withdrawn in siliconized syringes from the jugular vein of a dog. Twenty- 
five milliliter aliquots of this blood are added to 10 ml. of 6 per cent dextran* in saline 
and 0.5 ml. of 5 per cent Seqnestrenet in distilled water as an anticoagulant. Following 
sedimentation of the agglomerated erythrocytes, which take.s approximatel.v 20 to 25 min¬ 
utes at room temperature, the supernatant containing the leukocytes is pipetted into 50 

From tlie Department of Jlcdicine. Scliool of Medicine. University of California Medical 
Center and Wadsworth Hospitai, Veterans .Vdmini.stration Center, Los Angele.s, Calif. 

Supported in part hv tlic United States Public Healtli Service (Contract H 10119). Parke. 
Davis & Company, and the Gladys F. Bowyer Fund. 

Keceiveii for publication July 21, 1958. 

•Dextran with an averane molecular wemlit of 22,8.000; supplied by the R. K. Laros 
Company. Bethlehem. Pa. 

tSequestrene dlsodium (disodium-ethylonc-diaminetetraacetatc dihydrate), .Mro.so Chem¬ 
ical Company. Proviilence 1, R. 1. 
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rtif ttutnffj^e (iil)e' Hus »s {hen <tntrifiijrcU for ^0 nniiiite" Jif fo J 000 jpm 

m i '•ire 2 Intornitioiml lontiifuffp in i colilroom it 4® ( 

T)ie superimtftnt pln’siim «lcxtraii solution is cirofiilh w itlnlraw ii to upiiroMiintelv 
0 5 cm a()o\e the sedimint Vll sotliinents art iiooled foRether and rcsiispeinlo<l in tlie 
plasma dextran supernatant or normal saline so that a final suspension of 40,000 to 50,000 
leul\oc\tes per cubic inilhmetor is oblaineci 


I'lg 1—Lj mphocyte granulocjte separation tn plastic tube Top white U\er is Ijnifho 
cyte rich mklclle la'er is gnnulocjte rich ami bottom laver contains re 1 cells with NerN few 
leukocj tes 

The concentrated leuKoexte suspension is centrifuged in plastic tubes especialh dc 
1 eloped for that purpose Tigon tubing,* outer diameter ^ in, inner diameter )ic 
in, and wall thickness in, is cut into 5 in lengths and sealed at one end with a 
Dobecl niun Super Sealei t Uliese plastic tubes with n capncit\ of 2 ml are filled with 
the suspension bj means of a l^introbe hematocrit pipette lo prevent bending during 
centrifugation, the plastic tubes are placed within small Lusteroul tubes 

After centrifugation for 15 minutes at l,h00 to 2,000 rpni, the sediment shows 3 
distinct laxers (Fig 1) The top la\er is white and contains hinphocites anti platelets 
The second lajer is pink and graiiuloote rich The bottom lajer, dark red in color 
consists mainlj of erv throe) tes The lasers are separated b^ the application of surgical 
hemostats and cut with a razor blade at the junction ot the lajcrs 

•T>gon tubing Is a product of U S Stoneware Cotnpanj Plastic Svnthetic Division 
Akron Ohio 

fDobei-kmun Super Sealer Dobeckmun Companj Cleveland 1 Ohio and Berkelej 2 Calif 
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VENTZKE, PEKKY, ANJ) CKEPALDI 


J L,il. S. Clin. M«I 
rcl>rmr>, 1959 


Dunns l-l'u ^oparafinu pioeoihuc, leuKocxtc ami ilifl'ercntial couiit.s wore done on llic 
\aiious svipeinates and cell ''Uspensions. Vohimes weic icenidcil in order that percentasc 
puritr and yieldj. could bo calcidatcd. 


Table I. Kesi lts of Lympjiocyte-Gkanci.ocvte Separations 


Dog No. 


100-131 

82-132 

157-142 

SUMMARY 

No. of separations 

12 

12 

1 

25 

Mean per cent yield of leukocvte.s 

S6.9 

78.4 

90.2 

82.9 

Range 


- 67.4-100 

64.5-93 


64.5-100 


Jlean per cent yield ot 






lymphocytes from uhole 
blood 

77.1 

53.6 

100 

66.7 


Range 

24.S-100 

15.2-100 

- 

15.2-100 


Mean per cent yield of 






lymphocytes from super- 

83.8 




Lymphocyte- 

natant 

64.5 

76.4 

74.3 

rich 

«?amplos 

Range 

39.2 100 

32.8 100 

- 

32.8 100 


Mean per cent purit}- of 






lymphocytes 

72.6 

68.8 

62 

70.4 


Range 

66 82 

42-85 

- 

42-85 


Mean, per cent gianulocyte 




25.1 


contamination 

25.3 

23.8 

38 


Range 

16-31 

n-50 

- 

' 11-50 


Mean per cent yield of 


! 




granulocyte.s from whole 
blood 

69.8 

68.1 

31.3 

67.4 


Range 

44.9 90.1 

48.3-88.2 

- 

31.3-90.1 


Mean per cent yield of 






granulocytes fiom super 



38.6 

80.1 

Granulocyte- 

natant 

70.8 

i 86-8 

licli 

samples 

Range 

55.8-96.5 

71'9*100 

1 

- 

38.6-100 


Mean per cent purity of 



7.9 



granulocyte.s 

70.4 

74.8 

75.7 


Range 

58-86 

66 S3 

- 

58-83 


Mean per cent lymphocyte 



21 

21.1 


contamination 

23.3 

1.8.9 

1 

1 

Range 

1,3-38 

11-26 

- 

11-38 


RESULTS AND DLSCUSSION 

The results obtained in 25 separations are shown in Table I. 

Many of the methods for lymphocyte-granulocyte separation described 
in the literature result in a high degree of purity of particular cell prepara¬ 
tions. However, the yield of lymphocytes is usually quite poor. The most 
recently reported techniqire^ resulted in a mean per cent yield of lymphocj’tes 
of 32 ± 22. ^Yith the method described in this paper, the mean per cent yield 
of lymphocytes was 66.7. 

Another advantage of this method is that it is possible to reinfuse the 
erythrocytes after saline washing. This becomes an important consideration 
when the test animal must be subjected to large and midtiple bleedings. 





UlumesJ SEr\}J VTIO> OF lAMPIIOCiltS iROM on \.MLOC\TE^ 3^1 

Siiuo this mtthuil Mas (]c\eloped in the couise of D\A P”* studies in 
mIiilIi the DNA is extiacted tiom white cells omploMug the Simmons tech 
niqiio,' platelets containing little oi no DNA piesont no piohlem Simihrh 
the minimal ei\thiocjto (.ontamination isot no conscqueiiCL 

PolloMiug the dotinninations of DXA P’ specifie altl^lt^ foi the two 
tell fiactions and, Knowing the difleicntiai counts hmiihoc^to and gianulo 
c}te DNA actintj aie then leadih calculated using siinultanoous eqiu 
tions 

Tlu usi ot th( plastic T^gon tubes foi the final step of the scpauition has 
the ad\antagc of mcicastd ■Mold of the cell fiaetions itduccd contimination 
b.v cells fiom adjoining lajeis and diminished loss of cells with handling 
Ingiam and associates'’ ha\e also employed flexihle plastic tubing fm the con 
centiation of louKotji tis tiom small samples of blood 

Smcais of the ^allous liactions domonstiate that molphologlcall^ there 
ai)p(ais to be little oi no cliangt m tell stiiictme A slight incinst m dis 
integiatcd cells is nsnalU noted 


St M M\K\ 

1 A method is desenbed l\niphot\tc giamiIot\te sepaiations oi the 
pcnphcial blood of dogs 

2 Leukocyte suspensions aie obtained tiom whole blotal with a modifita 
tion of the dc\tian method The leuKot.stes aftci suitable ususptnsion aic 
sepniated into KmujiIioc; to iieh and giamilotsto uch fiactions b\ ccntiituga 
tion in special jilastic tubes 

3 In 2) sopaintious in a tost sciits of 3 dogs, the mean peieentage jicld 
of hmphocjtos was fiGT, with a mean peieentage piiiits of hmphcejtts of 
704 The mean peieentage \ield of gianuloestes in the gMiuilocvte iich 
specimen was 07 4, with a mean pcictntage puiitA of giamilocjtcs of 75 7 

KEFFRFNCFS 

1 Jngo, Ar -V Simple Afethoa for the Separation of Luing LMnphoc^tcs From formal 

Huniin Bloo 1, Brit J H'lemat 2 - 130,1030 

2 Kline, D L V Afodification of Oite«!enN Alcthol for the Separation of GratmloCAtf> 

From L^ mphoc^ te*!, I Lab S. Ciin Mei> 46 "Sl, lOoa 

3 Plulippu, A J \ Aretiiod for the ‘Reparation of the Different Alorphologic Forms of 

the Blood I eiiKocv te**, Blood 11 1041, 1036 

4 Craddock, C G, Jr, Perr> S, ami Lawrence 1 The DMiamic^ of Leukopoie-i- 

and Leukoc\ to*«is a« Studied l>' Leukopherc>is iiid Isotopic Techniques, J Clin 
Invent 35 2S5, 1056 

5 Perr>, S, Craddock, C G, Tr, and Lawrence, T ‘R Rate-' of Appearance and Di- 

appearance of AMiite Blood CeJI« in Kornial ami A arious Disease States, J L\n 
i CciN SlED 51 501, J05S 
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7 Skoog, AV A, and Beck, A\ S The Technics of Leukoc\ te Isolation, United States 
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0 Ingram, AT, lettewicli, G, and Striithers, \ Coiieentration of Leukoc^tes From 
Small Samples of Blood b> Centnfugatioii in Plastic Tubing, United States 
Atomic Energ\ Commission, Rep UR 333, 1954 



PREPAEATION OP A HUafAN PLASaiA PKACTION EICH IN 
PKOTHROaiBIN, PROCONVERTIN, STUART FACTOR, AND 
PTC AND A STUDY OP ITS ACTIVITY AND TOXICITY 
IN RABBITS AND aiAN 

Paul Didisheim, SI.D.,* Jacques Loeb,*“ Charles Blatrix, JI.D., axd 
Jean-Pierre Soulier, ai.D. 

Paris, France 

I T HAS been. Imown since the -work of Quick in 1937' that the intravenous 
injection of normal ral3l3it plasma transitorily corrects the prolonged pro¬ 
thrombin time of rabbits that have been fed spoiled sweet clover hay, and that 
no such correction is obtained following the injection of normal rabbit serum. 
Since the identification of the toxic principle in spoiled sweet clover hay as a 
coumarin compound by Stahmann and associates" in 1941, others^'' have raised 
the prothrombin level of coumarinized animals by the injection of prothrombin- 
rich animal plasma fractions. 

Recentlj' the intravenous administration of human plasma fractions rich 
in antihemophilic factor B (AIIP-B, PTC)®’® or proconvertin'’® has been re¬ 
ported in patients congenitally deficient in one or the other of these factors 
essential for normal hemostasis. The pi’esent paper describes (1) the prepara¬ 
tion of a human plasma fraction hereinafter referred to as PPB, containing 
prothrombin, the proconvertin complex (see below), and AHP-B (PTC) in 
high concentration, (2) its intravenous administration to rabbits made deficient 
in all these factors by prior administi-ation of a coumarin derivative, and (3) 
the results of preliminary trials of this product in man. Siich a fraction could 
have therapeutic value not only in the conditions in which vitamin Ki is of no 
value such as congenital single deficiencies of these factors”'’® and in acquired 
combined deficiencies occurring in hepatocellular insufficiency," but also in con¬ 
ditions in which parenteral vitamin Ki has a beneficial effect (coumarin drug 
overdosage,'® biliary obstruction," and prolonged antibiotic therapy"). A 
l)lasma fraction would raise the levels of the factors in question immediately 
whereas the vitamin Ki effect is delayed. 


JIATERIALS AND JIETHODS 

Thromboplustin was an acetone extract of human brain; InilTpr \Yas veronal acetate, 
pll 7.4. All coajjulation factors wore assayed by methods previously described by one of 
us with M. rT. Larrieu.iO ’20 AVhat was formerly called “specific assay for proconvertin’^ 
utilizing Seitz-filtered bovine plasma as substrate plus calcium and tissue thromboplastin 

From the Centre National de Transfusion Sanguine. Paris. France. 

Tills work was suppoited in part by a grant from the Institiit National iVHygl^ne (Pro- 
fessour Louis Bugnard). 

Received for publication July 28, 1958. 
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♦•Attach^ of the Centre National de la Recherche Scientiftque. Paris, France. 



\“l7er' PKEPA7? \.TrON 01 JIUM VK PL \SM FR ^.CTION 32*1 

will III) I( nUitnl to t*' “|)M o!i\eitin coiii|li\*' issi\ tni it I is ii lonu ijip ik nt^f lliit 
ti of I ro iiucitiii (f'lttor MI, SPCA in ') o) of Stunt fi toi will 

jfni Ji I lolmif,! 1 (lotting tinu using llii*? «aiiiisti itt 

futor nils ussnid 1(\ our iiiodi/it ilioii ol Jtulniiiiii iiutiiol to 0 1 ml 
ItOMiu |ilT«ina filtorc (1 oiict through v 20 per cent isl stos | ul (T 0 Cirlsou Ltd) is 
ndded 0 1 nil of tlic* plnsnm or fr'ictioii to ho tistoil diluted 1 10 ni ImtTir, 0 1 ml coplnlin'’^ 
diluted 1 30 0 1 ml Russell Mpor \pnom (St^p^cii, Burroughs Wellcome) diluted 1 50 000 
mil 01 ml 0 023 A! C'xCl Stjp^cn contcntritions up to 1 10,000 '\eie nlso found sntis 
fnetorj Ceplnlm and Stjpvcu dilutions were stiblc at +1® C for at least one week In 
depciuhuth a similar tist has rtunth hteii developed b\ Sise ind issociates Our mol 
ificatioii includes tho use of the imxtd soxbtui jiliosphatido prcpiiritioii Asolectm (Associated 
Concentrates), 0 1 per cent m hutfer, instead of ccpliilin, as Asolectm appears more stable on 
storage Nine month old plasmi (stored at -20® C) from M M a patient with known 
congenitul Stuart factor dehciencv, Kiudh supplied b> Dr 1 Bernard and T Caen 

ind studied in this laboraton b^ Dr M J Larneu, clotted in 00 seconds in this assaj 
sjstem, whereas fiesh plasnu from \ G, a patient with known eongoiiital proconvtrtin 
deficiLiicj pre\ioush repoited bj one of us r clotted m 20 seconds as did fresh or stored 
noimal plasma 

Tho plasma of Y G nas also used as substrate in a om stage test of tlie content of 
proconvertin in some fractions For talculatioii of peicuitigcs of ill factors appropri Up 
dilutions in buffer wore tested Piolom dettrmiiiatioiis were done liv tlie bmiot method 

Prepuration of FracUon PPP—Ten lots wore made bv tho following procedure which 
with minor variations, proved to be the most sitisfacton 400 ml of blood from oicli 
fasting donor were collected under sterile conditions thiongli a plastic column containing "0 
Gm of tlio cation exchange resm Ambcrlite IB 120 m the «odium cvclc and into silicone 
coated 500 ml bottles containing 10 ml of 0 01 to 0 02 M tnsoQiuin citrate Tho bottles 
were then centrifuged at +5® C and 2,600 rpm for 30 minutes The erjtlirocjtcs wore 
readj for therapeutic use as ‘‘packed cells" is soon is the plasma was stciilel) suctioned 
off into 500 ml bottles contunmg an amount of tricalcium phosphate (Baker, ‘ \nalvzed 
Reagent") such that the latter’s concentration m plasma was 0 3 to 0 0 per cent Tins 
adsorbant was chosen as having the liigliest absorptive capacitj per unit weight of several 
tested (tricalcium phosphates BL13, Fisher, Merck, and Prolibo, barium sulfates Merck 
and Prolabo) Adsorption was performed b> intclmnical to and fro agitation of these 
bottles for 10 minutes at room temperature The bottles were then centrifuged at +5® C 
jvnd 2,600 rpm for 30 minutes The adsorbed plasma was decanted and used as source for 
the preparation of steriU fibrinogen and AHFA Ihc adsoibout was washed once with a 
volumo of normal saline equal to that of tlic original plasmi, and the wash was discaidcd 
after centrifugation at 2,600 j pm for 30 minutes Elution was earned out at room temper 
iture on a magnetic agitator for 15 minutes, the eluant being 1/20 of the original plasma 
volumo of 0 18 M trisodium citrate at pll 8 0 fhesc appeared to be tlio optimil molarity 
and pH values, altiiough elution was quite satisfactorj with 0 05 to 0 3 trisodmm citrate 
at pH 5 to 10 Alternatively, two elutions with 1/40 of the plasma volume wort pooled 
thereby increasing the yield of coagulation factors eluted 

After centrifuging (Internationnl refrigerated centrifuge) at 4,000 rpm for 30 
minutes, the oluate, which was a ckar pale yellow solution, was further concentrated and 
cleared of its high citrate content by dilution with an equal volume of distilled water and 
precipitation at pH 5 2 from a final ethanol concentration of 2o per cent at -5® C The 
precipitate, after centrifugation at -5® C, was resuspended m 0 1 JI glycine containing 1/10 
volume 0 1 JI trisodium citrate, the pH was adjusted to 7 0 to 8 0 and the fraction was 
slicll frozen and Ivoplulized Such Ivopliilired products did not develop tlirombic aetivitv 
over 5 months’ time Piothronibiii concentrations were 110 to 220 times tlmt of normal 



PREPxVRATION OF A HUMAN PLASMA FRACTION RICH IN 
PROTHROMBIN, PROCONVERTIN, STUART FACTOR, AND 
PTC AND A STUDY OP ITS ACTIVITY AND TOXICITY 
IN RABBITS AND JMAN 

Paul Didisheim, M.D.,^‘ Jacques Loeb,'"' Charles Beatrix, M.D., and 
Jean-Pierre Soulier, M.D. 

Paris, France 

I T HAS been known since the work of Quick in 1937^ that the intravenous 
injection of noi’nial rabbit plasma transitorily corrects the prolonged pro¬ 
thrombin time of rabbits that liave been fed spoiled sweet clover hay, and that 
no such correction is obtained following the injection of normal rabbit serum. 
Since the identification of the toxic principle in spoiled sweet clover hay as a 
eoumarin compound by Stahmann and associates- in 1941, others^’ ^ have raised 
the prothrombin level of coumarinized animals by the injection of prothrombin- 
ricli animal plasma fractions. 

Recently the intravenous administration of human plasma fractions rich 
in antihemophilic factor B (AIIF-B, PTC)'^’® or proconvertin’^’® has been re¬ 
ported in patients congenitally deficient in one or the other of these factors 
essential for normal hemostasis The present paper describes (1) the prepara¬ 
tion of a human plasma fraction hereinafter referred to as PPB, containing 
prothrombin, the proconvertin complex (see below), and AHF-B (PTC) in 
high concentration, (2) its intravenous administration to rabbits made deficient 
in all these factors by prior administration of a eoumarin derivative, and (3) 
the results of preliminary trials of this product in man. Such a fraction could 
have therapeutic value not only in the conditions in which Autamin Ki is of no 
laluc such as congenital single deficiencies of these factors'’"^'' and in acquired 
combined deficiencies occurring in hepatocellular insufficiency,^' but also in con¬ 
ditions in Avhich parenteral vitamin K, has a beneficial effect (eoumarin drug 
overdosage,'' biliary obstruction," and prolonged antibiotic therapy"). A 
plasma fraction Avould raise the levels of the factors in question immediately 
Avhereas the vitamin Ki effect is delayed. 

materials and siethods 

Tliroinl)opla‘itm ^\as an acetone e\tract of human brain, buffer r\as reronal acetate, 
pU 7.4. All coagulation factors nerc assayed by nictliods proriously described by one of 
us with AI. J. Larneii.ia =» tVliat was formerly called “specific assay for proconvertin’’ 
utilizing Seitz filtered bovine plasma as substrate plus calcium and tissue thromboplastin 

From the Centre National ile Transfusion Sanguine. Pans. Prance. 

This work \\.is suppoitecl m part by a grant from the Institut National irH>gi6ne (Pio- 
fesseiir Louis Bugnariil 
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prrp VP vTioN OF mni vn pi^a'^via fpacttox 


'^ 2 ^) 

li id H((i\id i tot il of 7~) to 100 mjr of PL o oiulU duiuip tlip fii<5t 5 tlij*? Voliiiues of 
I UK tion ni]i I ti (1 1 to J ml, \\( ri t ilful Unl to liiinp tlio i ilibit j h‘>m'v le\oK ujt to ippro\ 
imifiU 100 ]n r (lilt III pi( tliromhin 1 lood sunplis wore ol t'lined from tin 

< ir Mill'' riio Mood s impli (olhctid 10 iiuinitiH iftcr the injiition of PPB w i*' driwn 
from tin ojipo^ito ( ii from tint into whnh the frutioii wns mjocted 



Pijr 1 —rffect of intrft\enoii^ Injection of PPC on Quicks piothrombin time of rabbits 
which ha\t receisecl BL S (cjclocumarol) A\eroijo of results in 8 injected r'lbbits Proken 
lino unmjected rabbits ha\lng reccKed BL 5 alone Open circle^ uninjeetc 1 labbits ha^lnp 
rccened no BL 5 



INJECTED 

Tig *>—Prothrombin procone ertln complex Stuart factor and \.HF B In s-itne experiment as 

Fie 1 

Figs 1 and 2 show tlio effect of the injection of PPB on the prothrombin times (Quick’s 
one stage method) ind the leads of prothrombin, proconaertin complex, Stuart factor, and 
VHF B The aaorage of all results la represented At 10 minutes following injection, the 
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Hoag and associates' i-eeently reported tlie intravenons effect of liighly 
concentrated (49 to 88 times normal plasma by volume) human proconvertin 
(plus Stuart factor?) on 4 patients with congenital hypoproconvertinemia. This 
product -was made from A1(0H)3 adsorption of outdated plasma. Their sur¬ 
vival data in man suggest a considerably shorter half-life during equilibrium 
(75 to 108 minutes) than those presented here (50 to 55 hours). 

Prick“‘ studied tlie disappearance euin-e of stable factor (proconvertin) 
in man following a single large dose of Warfarin (3-[a-acetonylbenzyl]-4- 
hydroxycoumarin), and following infusion of normal plasma in individuals 
whose stable factor was severely depressed by prior administration of Warfarin. 
He concluded that the half-life of staldc factor in normal man i-angcs betAveen 
5.5 and 10.8 hours. The assay system used is proljably sensitive to both pro¬ 
convertin and Stuart factor, however. 

The administration of Idood, plasma, or serum to patients with deficiencies 
of one or more of tlie factors in PPB has generally been disappointing^'*’ 

600 ml. of fresh whole blood given to a series of adults with chronic severe 
deficiency of prothrombin and pi’oconvertin had almost no effect on the levels 
of these factors tested during and at intenails following infusion.”'* Results of 
such injections are in accord with data presented here concerning the rapid 
disappearance of the injected factors from the circulating blood. High levels 
of injected factors cannot easily be obtained, short of an exchange transfusion 
procedure, unless the injected factors are in concentrated form. 

To our knowledge, no commercial product exists containing concentrated 
liuman prothrombin, proconvertin, Stuart factoi', and AHF-B. Behring Werke 
(Jfarburg, Germany) markets ACC-76, Avhich is prepared from human plasma 
and said to be rich in convertin and accelerin. A lot tested by us, dissolved 
according to instructions, had little proaccelerin activity and 9 times the pro¬ 
convertin actmty of normal plasma. Its effects in congenital hypopi’oeon- 
A’ertinemia have been definite, although minimal.”’ '*■’ 

It is ]30ssible that human plasma fraction PPB contains the virus of 
homologous serum jaundice if it was present in the pooled plasma used as 
source material. Until this question is clarified, such a fraction should be used 
Avith caution and the size of the plasma pools kept to a minimum. 

SUMMARY 

1. A method for preparing a human plasma fraction rich in prothrombin, 
proconvertin (SPCA precursor, factor VII), Stuart factor, and AITPUB (PTC) 
is described. Final yields after lyophilization Avere 46 to 99 per cent, being 
highest for protiirombin and procoiu'crtiii. Prothrombin potency 300 to 400 
times that of normal plasma per milligram of protein Avas repeatedly achieved. 
No thrombic or thromboplastic actWity Avas detected. The lyophilized product 
Avas stable over at least 5 months. Sterile filtration of the product through a 
Chamberland porcelain liougie Avithout significant loss of activity is practicable. 

2. A single intravenous injection of this fraction brings the level of pro¬ 
thrombin to about 100 per cent aa'Iipii the dose calculated to do this is injected 
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Erratum 

In the article bv Hans Reiehard, M.D., and Peter Eeichard, M.D., entitled "De¬ 
termination of Ornithine Carbamyl Transferase in Serum," which appeared in the Novem¬ 
ber issue of the .Tourxai., the tliird paragraph under Materials and Methods on page 710 
should begin as follows; "Serum (0.5 ml.) was incubated with 10 pM (not 1 pM as 
appeared in the Joukxal) citrullinc carbamyl-C’-*. . . 
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Erratum 

In tlie article by Hans Reichard, M.D., and Peter Eeichard, M.D., entitled “De¬ 
termination of Ornithine Carbamyl Transferase in Serum," which appeared in the N'ovem- 
ber issue of the Joukn'al, the tliird paragraph under Materials and Methods on page 710 
should begin as follows: “Serum (0.5 ml.) w'as incubated with 10 /iM (not I /iJf as 
appeared in the JouRNAi.) citrulline carbamyl-Cr^. . . 
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gamma globulin demonstrablo bj electrophore^^is Immunochemical iletenninations during 
pregnancji3 “ re\ealed that the actual concentration of gamma globulin remained con 
sistentlj belon 12 mg per 100 ml in <tpite of tlio slight immunologic re'»ponsc pre\iou%lj 
do'^cribed 

During tho neonatal period antigenic stimulation uos proiidcd to the cluld b^ the 
administration of TAB laecine (Lodcrle) for immuniration One tentli millimeter was 
given intradcrmalh and 0 4 ml was gnen subcutaneously at tho same site This \nccinc 
contains 1,000 million 5 ttjphosa, 250 million paratiphi A, and 250 million paratyphi 
B organisms per milliliter lliis antigen was gi\eii initially on the second da\ of life and 
then at wcekh intervals thereafter during the first 2 months of life The same quantitv 
of antigen was then given at monthU intervals throughout the remainder of the first 
vear of life Cord blood was obtained from the placenta immediatelv after deliverv 
and venous blood was obtained from the internal jugular vein at 2 and 7 days of age and 
then at woekh intervals during the first months and at monthly intenals thereafter 
until the babv was 14 months of age A final specimen was obtained when the child 
was 2 vears old The determination of agglutinins against H, 0, and B antigens was 
performed by serial twofold dilutions of «erum in siljne beginning with a 1 5 dilution 
Three tenths millimeter of these dilutions was mixed with 01 ml of a standardized 
suspension of each antigen Tiic scaled tubes were incubated at 17® C and the antibodv 
titer read the following dav after standing for 2 hours at 4® C The end point was 
taken as the last tube which showed agglutination Known positive and negative scrum 
controls were included with each senes of determinations The H, O, and B antigens 
used in this study were gencrouslv provided bv Dr Henry Bauer of the Minnesota State 
Board of Health The baby w as found to be blood group 0 Isoagglutinins against 
heterologous blood groups were performed after blood typing using commercial typing 
sera (Ortho) by making serial twofold dilutions of serum in saline starting with a 1 5 
dilution Fresh cells were obtained from appropriate donors and washed 1 times in 0 145 
M saline or until the supernatant was clear \\hen negative results were obtained in the 
lowest dilution, full strength serum was used to exclude the presence of minute amounts 
of antibody To 0 5 ml of each serum dilution, 0 1 ml of a 2 per cent suspension of 
washed cells was added Saline controls were run with each series of determinations 
These were mixed and then incubated in a water batli at 17® C for 30 minutes All 
tubes were then centrifuged at 1,000 rpm for one minute»m an International centrifuge 
(size 2, Model A ) The last tube with agglutination of the red cells was taken as the 
titer 

Serum gamma globulin levels have been determined by an immunochemical 
method,13 n and by analysis of total protein using a standard biuret technique together 
with paper electrophoresis or free moving boundarv electrophoresis The paper electro 
phoretic patterns were run on a Spmeo Model E electrophoresis apparatus and analvzcd 
on a Spinco Analytrol Free electrophoresis was performed on a Klett free electrophoresis 
apparatus utilizing a veronal buffer of pH 8 6 and 0 1 ionic strength Percentage value-;, 
for each protein fraction were then calculated and the gamma globulin fraction deter 
mined in reference to the total protein determination The zinc turbiditv determinations 
of gamma globulin were based on the method of Kunkcl i-' Lymph node biopsies were 
obtained from tho baby in the immediate neonatal period, at G davs of age (4 davs 
follow-ing local antigenic stimulation), at 3 months of ago, and again at 14 months of 
age Imprints of the node were prepared and stained with M right Giemsa by the method 
of Downev In addition, material from the hmph node biopsy was fixed with formol 
saline or absolute alcohol and stained with heraatoxvlin eosin or methvl green pvronme 
according to standard procedures 


RESULTS 

Dm mg tho neonatal penod this child was clinically indistinguishable, by 
all moiphologic and immunologic ciitcna, from a patient with againmagloh 
ulmcnua ® Foi example, as shotni m Fig 1, the papei and free electrophoretic 
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Fig 1—^Electrophoretic patterns durmg^ the first >ear of life m ” — 

ilcl born of an againmaglobulmemic mother. A, Ascending boundf 
'n of the mothers serum at time of dehver> of the child. 2 

maternal electrophoretic ' ’’— boundarj of the infant's electrophoieiic 

ttern of serum obtained dajs of age Note complete absence of 

imma globulin peak X), of electrophoretic pattein obtained from 

tby at 2 months of age. lU absent from the serum B, Ascending 

luhdarj’ of electrophore**'^ babv at 14 months of age. 


amma globulin is now 
itained on the bab\ 

*owth of gamma globii • 
completely absent 

eadily in amount during the remainuei 


F, Serial paper electrophoretic patterns 
mother This picture illustrates the 
lear of life At birth, gamma globulin 
3 months and increases rapidly and 
\ear bf life 



\olume S3 
Som^r J 


\^TlBOD■i iOKMATIOV I'f Mi-ONAT \L PERIOD 


335 


patterns oi both tlic mothei and bib\ lacked a gamma globulin peak B> im¬ 
munologic deteimination, the gamma globulin conccntntion in both the cord 
and mateinal seuim A\as 11 mg pci 100 ml Plasma cells 3\eie absent from 
the bone maiiow of both the mother .md the bab\ (Tabic I) The Ijmph node 


Tablf I CoMpuiisos OF Nusicers of Plasma Cells is Bove Mapkosv of AcAMiiAoLOB 

LLlSEMIC MoTIIFR, IIeR ^ES^ROK\ BVB\ (AN iMMUNOLOCICALtl JIaTUFE CIIILD), 

ASP A PVTIENT tVlTH COSCENITAL tC\SIMAOLOCUUSEMIA 
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14 mo 

02 

I/l 2S0 

0 

1/1 280 

3/320 

E S Ten sear old with 
congenital agammaglob 
ulinemia 

lOsr 

0 

0 

0 

0 

0 

E S As above, 4 dass 
after antigenic «timuH 
tion 

lOsr 

0 

0 

0 

0 

0 

T M Isormal, nieiitalh 
deficient child 

S jr 

-o 

0 

0 

1/320 

1/SO 

'r SI S.8 above, 5 da^s fol 
lowing TAB vaccine 

8 jr 

138 

1/G401 

0 

3/320 

1/SO 


•Maximum agglutinin titer obtained 14 dajs following Intradermal injection of 0 1 ml 
subcutaneous injection of 0 4 ml of L^derlc TAB \accine containing 1 000 million heat 
killed S typhosa 250 million S paratyphi and 2»0 8 tfcAoffmunert organisms per milliliter 
tPatlent had no gamma globulin bj electrophoretic method but had 11 mg per 100 ml 
of serum bp Immunochemical measuremenL 


tissue of the babj at the time of biopsv on the second daj of life vas devoid 
of plasma cells, and the latter did not appeal in the mednllaij portion of the 
lymph node on the fourth daj follmiing antigenic stimulation During the first 
2 months of life, i\eekl} injections of tiphoid paiatsphoid antigens did not re 
suit in the de^ elopment of a demonstrable amount of circulating antibody The 
serum gamma globulin concentration lemaincd at or belo3\ 11 mg per 100 ml 
during the first month of the bab\ s life and did not sliou a concentration 
higher than this base line Ie^ el until the forts second das ss hen the concentration 
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was found to be 115 mg. per 100 ml. Following this initial rise, the gamma 
globulin concentration in the baby’s serum rose rapidly to levels normally ob¬ 
served during the first year of life. By paper electrophoresis, gamma globulin 
was not detectable until the sixty-seventh day of life. At this same time, on 
the sixty-seventh day, a titer of 1:160 against the II antigen of the TAB vac¬ 
cine was first observed. At 3 months of age another lymph node biopsy was 
performed in the area draining the site of an intracutaneous and subcutaneous 
injection of typhoid-paratyphoid vaccine. The lymph node at this time pos¬ 
sessed a morphologic appearance more like that found in adult lymph node 
tissue. Both primary a 2 Kl secondary nodules Avere preseiif® and plasma cells 
were scattered throughout the medullary cords. 



Days After Birth 

Fig. 2.—The development ot gamma globulin and the formation of circulating antibody 
in the baby born to a tvoman with acquired agammaglobulinemia. The details concerning 
antigenic stimulation are given in the text. The shaded area over the graph indicates the 
normal range ot gamma globulin concentration during this period of iife as determined by 
the immunochemical technique in our laboratory. The solid line plots the gamma globulin 
concentration present in the baby studied while the vertical bars represent the titers ot the 
various antibodies measured as indicated in the legends on the graph. 


By 3 months of age, circulating agglutinins against the II, 0, and B anti¬ 
gens of the TAB vaccine were present. In this baby (blood group 0), isoagglu¬ 
tinins against both A and B cells were lacking at birth and throughout the first 
2 months of iife. At 3 months of age, however, isoagglutinins in a titer of 1:10 
were present against A cells although the anti-B titer was still negative. By 
the sixth month the anti-A titer had risen to 1:80 and the anti-B titer to 1:10. 


»The terminology' used in this paper in reference to nodular formations within the 
Ivmnh nodes is defined as follows. This is modified after Gyllensten.““ Large primary 
nodule- The diffuse collection ot cortical lymphocytes bounded by- the cortical trabeculae 
and the medullary cords. Small primary nodule: The dense collections of small lymphocytes 
found within the cortical tissue. Secondarti nodule: Small primary that have formed cen¬ 
ters The center activity may be further described as early, high active, or terminal.” 
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Fiom the tliiid to tlie toiuteenth month of life, antigenic stimulation uith TAB 
vaccine was contimied at mouthU uitcivals At 14 months of age, aiiothei 
legional hiiiph node biopsv was taken 4 dajs tollowing antigenic btimulatioii 
This levealed the piesence ot multiple small pnniaiv and scatteicd seeondaij 
nodules and an intense plasmacjtosis within the medullaiv coids It mav be 
said, then, that bv 3 months of age, this child was moiphologicalh noimal and 
lespoiidmg with antibodv foimation and plasma cell piohfciatioii to antigenic 
stimulation Bv tlicse same oiiteiia, this child, at biitli and dining the fiist 
6 weeks of life, had been indistinguishable fioin a child with congenital again 
maglobiilinemi i These findings aie suniman/ed in Pig 2 whcie the immu 
nologic and immunochemical obsenatioiis on the habv aic giapliicallj pie 
sented In Table II the moiphologic fcatuies of the habv's hmph nodes, the 
mothei’s hmph nodes and anothei patient witli congenital agammaglobulinemia 
aie coinpaied to that of a noimal child following aiitigeiiie stimulation In 
Pigs 3 and 4, the moiphologic obsenattons on the Ivmph nodes of this child, 
as lelated to age, aie picscnted 


Table II Morihoiocio Respossf of Rfcionai Lvmpji Nodfs to Anticemc Stimulation* 
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Fig-. 3.— A, Section taken from an inguinal lymph node obtained by biopsy on the sixth 
ly of life. 4 days after antigenic .stimulation, from a child born to an agammaglobulinemic 
other. Hemato.x.vlin-eosin stain. (Magnification xlO; reduced ife.) B, Section same as A. 
0 plasma cell.s are present in the medullary cords. (Magnification XSOO; reduced i(^) C, 
iction taken at 3 month.s of age from an inguinal lymph node of tlie same infant 4 day.s 
ter antigenic stimulation. Hematoxylin-eosin stain. (Magnification xlO: reduced (fc.) D, 
iction .same as C. A feu- plasma cells present In the medullar.v cords. (Magnification 
ROD; reduced ’,(;•) 
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C D 

Fig 4 —A Section of a lymph node regional to the site ot antigenic stimulation in 
the child born to an agammaglobulinemic mother, at 14 months of age Hernatoxylin-eosm 
stain (Magnification XIO, reduced ife ) B, Same section as in A Numerous plasma cells 
are present m the medullary cords (Magnification xSOO reduced ) C. Imprint made 
from the same Ijmph node as ^ A large blast form of the plasma cell and two more 
mature plasma cells are present in the field Wright-Giemsa stain (Magnification X1200 
reduced i(, ) D Direct smear of bone marrow obtained from the same child at 14 months 
of age A group of S plasma cells is present m the field No plasma cells were found in 
the inairow duiing the first 2 montlis of life Wright Giemsa stain (Magnification X600 . 
reduced if ) 
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Part II. The Occurrence of Plasma Cells in the Bone Marrow of the 

Normal Newborn Infant 

A number of reports are available concerning the evaluation of the bone 
marrow during the neonatal period.’®'-' These reports arc concerned prima¬ 
rily with the more common cellular elements of the marrow and in none is there 
an attempt to estimate critically the number of plasma cells present. RaffeP- 
cites a personal communication from Gormsen to the effect that plasma cells 
are not present in human bone marrow until the third month of life, although 
2 of the 19 infants under 3 months of age examined by Sturgeon’® were found 
to have 0.2 per cent plasma cells in 500 cell differential counts. In order to 
determine the number of plasma cells present in the normal newborn, 24 mar¬ 
rows were obtained from normal infants between 1 and 5 days of age. Of 
these, direct smears were satisfactory for making differential counts in 20 in¬ 
fants. 

JIETHODS AND MATERIALS 

Bone marrow was obtained bj’ aspiration biopsy of the iliac crest under suitable aseptic 
technique. All marrow smears were stained by a Wright-Giemsa method. Five hundred 
cell differential counts were performed on these .specimens. The terminology and classifi¬ 
cation of the various cells were the same as that previously used in reports from this 
laborator.v.23 The number of plasma cells per 5,000 nucleated cells was determined b.v a 
technique previously reportedca that provides reproducible semiquantitative values for 
aspirated marrow samples. 


Table 111. Relative Numbers of Cells in Bone Makroiv 


CELL TYPES 

NORMAL 
CHILDREN*' 
2.5 TO 15 YR. 
MEAN 

PER CENT 

NORMAL 

ADULTt 

MEAN 

PER CENT 

NORMAL 

MEAN 

PER CENT 

newborn! 

RANGE 

Mveloblnsts 

1.2 

2,0 

1.0 

0.2-2.2 

Neutrophils and precursors 

01.1 

59.0 

62.1 

46.9-69.6 

Eosinophils and precursors 

4.7 

3.5 

3.8 

1.6-7.5 

Basophils and precursors 

1.1 

0.5 

0.6 

0.2-0.8 

Lj-mphocytes 

10.1 

10.0 

13.0 

6.0-20.6 

plasma colls 

0.4 

0.4 

0.0 

0 

Reticulum cells and monocytes 

1.7 

2.2 

3.9 

1.8-6.4 

Mogaharyoeytos 

0.4 

0.4 

0.3 

0.00.6 

Erythroid cells 

19.2 

22.0 

14.7 

7.6-26.4 


•Thirteen cases, Good and Campbell: Am. J. Med, 9: 330, 1950. 
fWintrobc: Clinical Hematology, Philadelphia, 1946, Lea & Febiger. 
^Twenty cases. 


RESULTS 

Prom the data presented in Table III it will be seen that, with vespeet 
to the more common elements of the marrow, there are no striking differences 
between those newborn infants and older normal children and adults. It should 
also be noted, however, that no pla.sma cells were encountered in the marrows 
of these newborn infants whereas these celts are regularly present in the marrow 
from persons of older age groups. 

In order to arrive at a more quantitative definition of the number of plasma 
cells present in the newborn child, 5,000 nucleated cell counts were performed 
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on tlie same inaiiou bpeciinen When the inimbei of mallo^^ plasma cells is 
estimated in this fashion, theic is at once a stiikmg difteicnce e\ideiit betAveen 
the neuboin and oldci ago gioiips In Table IV (lie lesults obtained fiom 
ncuboin maiiows aie compaiod A\ith the lesults in oldei childicn and adults 
using the same method In none of the 5,000 cell counts perfoimed on these 
neuboin infants ueie an\ plasma cells ciicouiiteicd This state, then, is coni 
paiable uith that obsened m childieii suffetmg fiom congenital agammaglob 
ulmcmia uheie plasma cells aic Mitualh absent fiom the niaiiou 


Tabu n bosfMariou PiasmaCeiis 


1 


I PLASMA CELLS PER 5,000 



NUCLEATED 

MARROW CELLS 

(ROUl ' 

AGE 

ilEAN 

\ RANCE 

^lOrmal children IJ cases 

Jo to 35 \r 

398 

31 32 

Normal adults 35 cases 

38 to 41 \r 

33 0 

8 81 

J^ormal newborn 20 cases 

1 to 5 dais 

00 

0 


Part III The Dlaeixu'ment of Plasma Cells i\ the Lamina Pkopkia ot the 
Human Intestint 

Of the Aanous aicas of the bodi whcie hmphoid tissue is picsent, thcie 
IS no aica that contains laige numbcis of phsma cells ns legulaih as the in 
testino DaMs"'’ has lepoitcd the dcAclopincnt of plasma cells in tonsillar tissue 
duimg the first 3 mouths of life He noted that the\ ucie not present befoic 
the second oi thud ucek of life but had imambh dexeloped bi the eighth 
neck of life in all of the 17 specimens fiom childicn under 3 months of age 
Ho also mentioned that plasma cells appealed in the lamina piopiia of the 
appendiN shorth after birth The studies to be ie])oited in this part of the 
paper mil clcailj relate the dc\elopment of plasma cells in the lamina propiia 
of the ileum and appendix to age 

AIETIIOOS AND MATERIALS 

Specimens uere collected from a •■cries of cou''Cc.uti\e postmortem examinations done 
on children at our hospital Mans of the specimens that ncrc obtained were taken from 
children ilungf of congenita] Jieart or from «ome other cotigenitril malformation 

incompatible with life A few of the children in U IS series died of neoplastic disea<»e, 
and a few more were from children dung of infection At each post mortem two speci 
nicns» were taken One was obtained from the ilciim and the other from the appendix 
Half of each specimen was fixed in 10 per cent forniol saline and the other half fixed 
in absolute alcohol The^e were subsequentU stained bv hematoxAlin eo'tin and with 
methjl green pjronine respectueh On microscopic examination, it was found easiest to 
arnie at a semiquantitatiie grading of the number of plasma cells present from the 
material stained with metlnl green pironine Altl ough all gradings are from material 
stained b) that method, no essential disagreement was obsened when the plasma cell 
concentration was eialuated using either method of fixation or staining These specimens 
were grade 1 on a rough quantitatiie scale from 0 to 4+ The specimens were graded 
bhndh b\ one obserier without knowledge of the age or the disease of the patient from 
whom the material was collected The exact age and cause of death were later taken 
from the hospital records 
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RESULTS 

Graphs recording tlie degree of plasmaeytosis obsein'ed in the lamina pro¬ 
pria of the appendix and ileinn are plotted against the age of tlie patient in 
Pigs. 5 and 6. Tliere is a striking absence of plasma cells in the newhorn in¬ 
testine. This area in the newborn consists of a loose meshwork of reticnlar 



(1 1-2 3-6 6-12 12-36 (36 

AGE IN MONTHS 

Fig. 5.—The relative number of pla.sma ceils occurring in tlie lamina propria of the appendix 
is plotted again.st groups of children of increasing age. 



Fie C_^The relative number of plasma cells occurring in the lamina propria of the ileum 

is plotted against groups of children of increasing age. 


tissue. Lym])hoid tissue, in general, was spar.se and poorly developed when com- 
]>ared with that present in older children. In the 14 appendices and the fifteen 
specimens of ileum examined in children less than one month of age, there was 
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onl} one exception to this uniform absence of jilasma cells This occiuicd in a 
child uho died at 3 uceks of a<?e This child possessed plasma cells in the ap 
pendix 111 numhcis sufficient to lesuit in a giading of 2+- uhilc the ileum uas 
graded as 1+ In the material examined, plasma cells ueic ln^arlabh piesent 
b^ the age of 6 months, and In 3 leais of age most of the ohildien had a le\cl 
of plasma cells that uas giadcd as 4+ Between 1 and 6 months of ago a tian 
sitional period uas obsened and plasma cells ranged liom 0 to •ir The appeal 
aiice of plasma cells is associated with a giadiial incieasc in the total amount 
of hmphoid tissue in the gut Sceondan nodules weic fust found in an iii 
fant of 3 weeks of age and woie almost imaiiabU piesent in the specimens fiom 
oldei childicn The ohscnations compaiing the plasma cell and hmphoid tissue 
deficit 111 the intestinal tissue of the neonate, then giadual appcaiance duiing 
the fii*st few months ol litc, and then abundance in an oldei child aic iHus 
tiated in Fig 7 

PiRT IV Tiir OccuRRFxcr oi Pl.ismv Chls Follow iao ANirorxrc 
Stimui vtiox DtjRrxCf the Nfo\\t\l Period i\ aiu Rmidit 

A number of iiucstigatious of the hniphoid tissues present during the new¬ 
born period haic been made in a ^arlct^ ol animal species These ha\o been 
conccincd prlmalll^ with the giossci elements piesent and with the geneinl 
stnictuio of the l>mph nodes as ielated to age Gjllcnsten^"^ in a studj of 
the guinea pig noted that the hmph nodes seemed iclatncl> mature at birth 
Secondarj nodules weic found to dc\clop between the fiist and twentj thud 
dais of life He noted that plasma cells wcie piesent in the ncwboin guinea 
pig and that tliei did not cliaugc appicciabh duiing the fiist 35 dajs of life* 
III a subsequent stud>, he showed that antigenic stimulation bj infection with 
P pyocyancus did not induce sceondan nodule foimation piioi to the time of 
the normal appoaianco of tJicsc ecntci?? Denz"'’ Jias examined human Jimph 
nodes fiom iiidiMdiials of laiious ages No mention was made of the cellular 
components present, although he does dcsciihc the laiious stiuctural components 
as thei lai^ with age and with the aica of the bod\ conceiiicd The moipho 
logic lesponsc to antigenic stimulation has been studied b\ a niimboi of authois 
using a great \aiiet\ of antigens In general, thci haie shown that, in addi 
tion to the usual hmphoid hiperplasia that results late in the course of anti 
genic stimulation, theic is a specific plasmaccllulai lesponse occiuiing just 
piior to the appcaiance of ciiciilating antibodj in the blood The use in anti 
bo(i^ content of the hmph occius between the peak plasmaecUnlai response and 
the occurrence of cnculatmg antibodi in the blood The plasma cells de 
\eloping in response to antigenic stimulation liaic been shown to contain anti 
hod\ to the antigen conccined'”' 

AIETIIODS IND AllTERIlLS 

Rabbits i\ere i<lentifie<l at birth in order to insure the accurae' of tlie ages gi\en 
Thej were Kept with the mother during approximateh the first 6 iieeks of life in nest 
boxes that were maintained in separate cages The} uere n caned at about 6 weeks of 

•We ha\e bj the imprint and stained section techniques obsened both this relatne 
mattirit> of srulnea pig Ijanpli nodes and the presence of plasma cells 
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age, following which they were fed a diet of Purina rabbit pellets. The breeding stock 
used was the l^ew Zealand White Rabbit. At the appropriate age, approximately two- 
thirds of the rabbits in each litter were given injections into each hind foot pad with 
0.05 ml. of the antigenic material being studied. The injected rabbits were marked by 
tattooing the ear with India ink. Antigenic stimulation was provided b^- either a saline 
.solution of crystalline bovine serum albumin (BSA)* given in a dosage of 20 mg. per 



Pig-. 7.—A, Section from the appencli.v of a child otie day of age. Only a ^arse 
nmoiint of Ivmohoid tissue is present. Methyl green-pyronine stain. (Magnification XlOO: 
?Suced section as A (Magnification X300: reduced Ifc.) C, Same secUon as 

A. Plasma cells are absent from the lamina priyria. 1. red^uced b-> 

Section from the appendi-v of a child 6 years of ^e. _ _■ is present. 

nldcation X25: reduced ^6*) Same section as Z). , , .• ^^duced .fc.) r. 

The same section as D. Plasma cells are abundant in the lamina propria. (MaRnihcation 
X800; reduced 


•Obtained from Armour & Company, Chicago, III. 
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kilogram or the «ame amount of B'^A cumlsiflcd m Frciind j> complete adjiuaut (Difco) 
BSA \i IS di’5'*ohed m cold 0 145 M sterile p\rogeii fret *«ilino to gi\c \ concentration •’ucli 
that the total do«agc of -0 mg per kilogrmi would be contained m 0 1 ml 1\ hen the 
BS V was combined with 1 remid s Adju\nnt, the appropriate amount was dis<5ohed in 
one quarter of this amount of p\rogenfree saline At the time of injection this solution 
was emiils-ified in the alju\juit mixture in n ratio of 1 3 T-he dosigo of BSA and the 
total \olunie of the injection were thus kept constant for each group Ihe remaining 
animals in the litter were kept for morphologic controls Half of the animals injected, 
together with the control^, were sicrificed '5 da\s following antigenic stimulation and the 
popliteal l\inph nodes remo\ed from each sjde for morphologic in\estigation The hmph 
nodes were diMded in half, longitudinalh, s© that the cut passed through the hilum 
Half of the node was ii«-ed for making imprints flie other half of the node was placed in 
cither 10 | cr cent forraol saline for subsequent staining bi liematoxilin and eosin or in 
ab olute alcohol and stained with ineth\l green p%ronine This expedient of bilateral 
antigenic stimulation and the duision of material for sectioning was ncccssarv because 
of the cxtrenieli small si/e of the hmph nodes in the ^e^^ ^oung rabbits It was thus 
possible to obtain, from each animal hmph node imprints from each side and section 
material staincl with heniatoxi lin eosin from one side and material stained with methil 
green pironinc from the other side The terminologi used in describing the aarious* 
cellular components is that of ‘^undberg•»«> The number of plasma cells present was again 
graded on a scale ranging from 0 to 4+ The remaining half of the animals injected in 
each litter were exsanguinated 12 daxs following injection of the antigen The blood was 
allowed to clot at room temperature for one hour and xxas then separated after standing 
oxemight at 4® C The «erum was frozen at -70* C and stored at -2i>* C until antibodj 
determinations were performol On thc'c sera the antigen antibodx ciiuixalence 
point was estimated from a prehnunarx determination as outlined bj Kabat and Mejeri’ 
btandard solutions of BS V (Armour) xxere prepared bx dissohmg appropriate amounts in 
nitrogen free 0145 At NaCl and their total nitrogen content determined bx the Markham 
modification of the micro Kjeldahl procedure ^olumetrlc dilutions of these standard 
solutions Were prepared «o that 4 concentrations would be obtained extending from ap 
proximateU 1 0 to (> /ug of nitrogen per milliliter Then, 0 5 ml of the senim to be tested 
xxas addcl to 0 5 ml of each of the 4 antigen solutions These tubes were then incu 
bated for one hour at 37® C and subsequentlx stored for “ to 7 daxs at 4® C The samples 
xvere then centrifuged for one hour at 4® f in an International centrifuge Model PR 1 
The supernatant was then carefullx decanted and used for i capillarx tube analysis to 
demonstrate the presence of antigen The immune serum used for the capillarx tube 
precipitin determinations was ohtainel from a rabbit hx penmmunized to BSA bx the 
reieated intraxenous administration of this antigen in saline solution Lsing this tech 
luque, concentrations of BSA as low as 0 5 ;ig of nitrogen per milliliter are detectable 
Thus when free antigen is detectable in the supernatant from the mixture of serum with 
au equal xolunic of the antigen solution, at a concentration of 1 0 /ig of nitrogen per 
milliliter, xirtuallx none of the original antigen could haxc been precipitated bx anti 
bodx The value for the maximum amount of antigen bound was then used to calculate 
the approximate antibodx content A value of o 0 for R (combining ratio) was assumed 
in all calculations Figs S and describe graphicalU the experimental plan bx which the 
relationship between the morphologic response and the production of antibodx was worked 
out In these studies In the part of the studv summarized in Fig 8, saline solutions of 
BSA were injected intradermallx in each foot pad at birth and at 7, 14, 28, and 50 daxs of 
age The rabbits in each litter to be studied for their morphologic response were sacn 
ficed 5 daxs after antigenic stimulation The members of each Utter that were to serxe 
as morphologic controls were also sacrificed at this time Antibodx determinations were 
performed on the scrum obtained from Uttermates on the txxelfth dax following antigenic 
stimulation In the portion of the studx illustrated in Fig 9, a serial studj was per 
formed of the morphologic and antibodj responses of animals injected either at birth, 7, 
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or 28 clays of age with BSA emulsified in Freund’s complete adjuvant. At the times of 
sacrifice, indicated on the graph, the popliteal nodes were removed and blood was obtained 
for antibody determinations. Normal lymph nodes were also obtained from littemiates 
of these animals at various ages. 


M Ab 

t_1_I 

. M Ab 

T 1 I 

j, M Ab 

i__I 

X M Ab 

I -L-1 

^ M Ab 


I_I_1_I_ I I _I_I_I_ I I 

0 7 14 21 28 35 42 49 56 63 70 

Days of Age 

Fig. 8.—Response to antigenic stimulation with BSA in saline solution as a function 
of age. Outline of tlie experimental groups chosen lo demonstrate the relationship of age 
to the morphologic and antibody responses in rabbits of different ages. The arrows denote 
the time of stimulation. M indicates the time of sacrifice for morphologic observation, and 
Ab denotes the time at which bleedings were taken for antibody determinations. 
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0 7 14 21 28 35 42 

Days of Age 

Fig. 9.—Serial study of response to antigenic stimulation with BSA in adjuvants. Out¬ 
line of the experimental groups chosen to demonstrate the response to intensive antigenic 
stimulation in immature rabbits. The arrows denote the time of stimulation. M indicates 
the time of sacrifice for morphologic observation, and Ab denotes the time at which bleed¬ 
ings were taken for antibody determinations. 


RESULTS 

Morphologic Descriptions of the Control Lymph Nodes From Ruhhits at 
Varions Ages .— 

Five days of age: The nnstimulatecl rabbit lymph nodes at thi.s age were 
very small, averaging 1 to 2 mm. in diameter. The seetioned material revealed 
a poorly organized lymphoid tissue with a thin rim of poorly defined cortex 
and a thin meshwork of retieular tissue in the medullaiy zone. Only very 
infrequent small primary nodules were present. In the imprinted and sectioned 
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mateiial a gieat \aiiLt\ ot ccllul u eltmciits could be identified Scatteicd ele 
ments indicating actne ci^tinojioiesis wck seen These cells ^^elc inainU pob 
cliromatopliilic noimolilasts, although at times even moic immatiuc cnlluoid 
elements i\cic lonnd Oianuloe\topoiesis nas not pioinincnt, but laic in\elo 
c^tcs and piomNcloc\'tes weic picsont Both hctciopluls and eosmopluls wcic 
identified, and an cxticmeh laic incgakai\oc\te uas ciicoiintcicd i\[ast cells 
ueie piominent in the imininted matciial All elements of hmpbocitopoiesis 
weic present and, as noted b\ Downox,®' occasional fonns indistinguishable tiom 
mxeloblasts neie obseixcd No plasma colls ueic found in am of the mateiial 
examined Fig 10 illustiatcs some ot the \aiious inoiphologic changes occui 
ling as a function of age in noimal labbits 

Twclic days of age The popliteal hmph nodes at this age aic still appioxi 
match the same size as those in the '> dax old labbit The coitex, honcxci, is 
bettci defined and moic sbaiph dclnicatcd fiom the mcdullaix poition Occa 
sional small piiman nodules, Init no sccondau nodules, x\eie picscnt The 
meduHaix coids lemaincd immatuie and consisted of a loose mcshuoik of 
leticulai cells Qualitatixch, the same xaiictx of ccllulai elements xxas found, 
although tlicic uas a definite ieduction in cixtlnopoicsis and inxclopoicsis Oc 
casional inio immatuiL gianulocxtcs wiic still piesent, liowexci Jlast cells 
weie loss uumcious than lu the hmph nodes ot 5 da\ old labbits Plasma cells 
neic again absent 

Sixteen days of age These hmph nodes wcic laigci than tlie 12 da\ nodes 
(2 to 4 mm) The mcduUaix coids x\cic bcltci dohned and occasional laie 
sceondan nodules ucic piesent in the coitcx No jilasma cells could be found 
m am of the hmph nodes examined 

Nineteen days of age Although still quite small, the hmph nodes at this 
age x\cie xxell foimed The coitieal aica xxas well delineated, and both piimnn 
and secondan nodules x\cic picscnt The mcdullan cords, although still im 
matiue, showed a highei degiec of oiganization Ccllulai elements othei than 
those of lyinphocjtopoiesis ueic uncommon Moic eosinophils wcie piesent 
than ueie obserxed in the nodes ot the xoungci labbits In 4 of the 5 labbits 
examined at this age, plasma cells xveie completch absent In the one oxcep 
tioii, plasma cells xxerc piesent although exticmcly laie 

Thiitythiee days of age The gencial stiuetnic of the node at this age 
IS similai to that in the 19 dax old rabbit Raie hcteiophil and eosinophil mxc 
locxtes xveic piesent IMatuic hctciopluls and eosinoiihils xxeie not uncommon 
No exidcnce of ci^thiopoicsis xxas found Raic plasma cells xxeie found in the 
Ivmph nodes fiom 2 of the 4 labbits examined 

Sixty one days of age this age the lymph nodes examined xvere con 
sideiabb laigei than those of the piexious gioups Tlicv were still slightb 
smallci than those of noimal adult labbits Plasma cells xxeie scatteied through 
out the medullaix coids and both piimarx and sccondai} nodules xxerc piesent 



Fig. 10.—.-I, Imprint made from tlie popiiteal lymph node of a 5-day-oid normal rabbit. 
Wriglit-Glemsa stain. Xote tlie presence of mast ceiis. Note mast ceiis and lymphocytes 
in various stages of maturation. An activated reticular cell is in the center of the field. In 
one comer is a . ' ’ *—--n.-- normoblast. No plasma cells could be found. (Magnifi¬ 
cation XI.200 : ■ iprint made from lymph node of 12-day-old normal rabbit. 

IVright-Giemsa . lymphocj’tes in various stages of maturation and a mac¬ 

rophage in the center of tlie field. No plasma cells present. A normoblast is present in 
one corner of the field. (Magnification XI.200; reduced J,^.) C. Imprint made from 33-day- 
old normal rabbit. IVright-Giemsa stain. The various stages of lymphocs'topoiesis are 
again illustrated. No plasma cells could be found in the material examined in this rabbit. 
(Magnification XI.200 : reduced >4.) D, Imprint made from Gl-day-old noi-mal rabbit. Tlii.s 
field, though showing a concentration of pla.sma cellular elements rarely found in normal 
rabbits at this age, illustrates all the various stages that may be found in very small 
numbers. (Jlagnification xl.OOO; reduced li.) 
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Fig. 11.^—-I, Section taken from the popliteal lymPli node of a 12-(lay-old labbit 5 days 
after local intradermal stimulation with a saline .solution of BSA. Stained with methyl 
preen-pyronine. The cortical area is somewhat thicker than in younger animals, but con¬ 
tains ohlv scattered small primary nodules. Ko secondary nodules %\ere present. (Mag¬ 
nification* xlOO; reduced ^(j.) F, Same lymph node as A. Plasma cells are absent from the 
medullary cofds. (Magnification xSOO; reduced ^(, ) C. Section taken from regional node 
of 6l-dav-old rabbit 5 days following antigenic stimvdation ^^ith a saline solution of BSA. 
Both small primary and secondar>’ nodules are present in the relatively thick cortical area. 
The medullar^ cords are clearly defined. (Magnification XlOO; reduced ^(;.) D, Same lymph 
node as G f*lasma cells are present in the medullar>' cords. (Magnification X800; reduced 
UA 
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The Moiphologic and Aniihody Responses to BSA Emulsified in Eicund^s 
Complete Adjuvant at Vaiious Ages —In oidei to ovtend the obsenations made 
with a saline solution ot a pin died piotcin antifjcn, a hi^hh potent antigenic 
mi\tinc was chosen to dehne nunc cIoscIa the age at which an immunologic 
lesponsc hist became cMdent To pioMdc an mlcnsnc antigenic stimulus, BSA 
was incoipoiated in a watci in oil oimilsioti containing Mycohactenum hutyn- 
ciini In this senes of iiwcstigations, antigenic stimulation was pioMdcd bv 
this antigenic mi\tuie at Imth and at 7 and 50 dais ot age IXcept foi this last 
gioup ot oldei labbits, the time inteiials chosen m incceding senes ot iinestiga 
tions (Fig 8) weienot •‘atistacton toi a more eiitical iiuestigation of tlu age at 
which an immunologic icsponse was hist deinonstiable Foi this icason those 
animals that had been stimulated oithci at biith oi at 7 dais of ago woic sacn- 
ficed seiialli at iiequcnt intciials and both antibodi dcteimmations and the 
moiphologic lesponsc weie ciahialed in the same animal (Pig 9) These 
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_(All > 27)_ 


•Gridinir of plasma cells present in regional lymph node at the time of sacrifice 
tNumerator gives number of animals having detectable antlbodj m bleeding taken at 
time of morphologic observation Denominator gives number of animals tested 


results aic summaiized in Tabic VI Prior to the nineteenth dai of life, eien 
aftci this intcnsiie antigenic stimulation, antiliody did not appear in the cii di¬ 
lation In those rabbits injcoted at 7 dais oi ago, onh occasional plasma cell 
piecmsois weie picsent in the mediillart coids on the twelfth day of life, but 
by the sixteenth da\ an intense piohfcration of imniatiiic plasma cells was 
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Fig. 12.—.4. Section taken from the popliteal lymph node of a 12-day-oId rabbit. BSA 
incorporated in Freund’s adjuvant mixture was given on the day of birth. Stained witli 
metiiyl green-pyronine. The lymph node is greatly enlarged for a rabbit of this age though 
the gross structure is much the same. (Magnification XlO ; reduced Ife.) B, Same section as 
A, Xo plasma cells are evident in the medullary cords. (Magnification XSOO: reduced ) 
C, Section taken from the popliteal lymph node of a rabbit 19 days old. BSA incorporated 
in Freund’s adjuvant mixture was given 12 days before sacrifice on the seventh day of life. 
The gross ’ ■ ’ " to A although this lymph node is even iarger. Methyl green- 

pyronine ■ " ’ X8; reduced It.) D, Same section a.s C. Plasma cells are 

present. " ’ ’ ■ ■ reduced ’fc.) 



\ol.ncS3 ANTIBODY lORMAlION IN NEONATAL PERIOD 

GMdent in the icgion.il node Tnicctious peiloiined at tlic time of biitli did 
not acccleiate this piocess Piioi to the sixteenth da^ ot litc, in those animals 
injected at hiith, theie ■\\<is noithti a detectable moipliologic icsponsc noi anti 
bod\ pioduction 

Although a plasmaeclliihii icsponsc did not develop beloic the sixtienth 
da\ ot litc, thcic v\eic a niimbei ol stukiiig moiphologic changes that occiiiicd 
in these immatnic i.ibbits Those hniph nodes incicased gicafh in sip-e within 
the fiist 5 da^s aftci stimulation It was deteimnicd tiom the sections and 
impimts that this incieasc lu size was due to an extensue piolitci<ition ot 
the leticiiliim AVitli a gicat incicase in the thickness of the coitex Reticulai 
cells and hematopoietic icticiilai cells, togelhei with maciophages and epithc 
hold colls, weic stiiking in then luimbeis In oldti labbits stimulated with 
such adimant mixtmcs, these changes occiuicd togcthei with an extensue 
piolifeiation of hmphocvtcs, a foiiiiatton ot secondaiv nodules and a piolifcia 
tion of plasma cells These latci changes wcic icgiilaih obscuod as eailj as 
5 davs aftci stimulation in moic inatuic animals It appeals that, in oidei foi 
Ijmph nodes to manifest the moiphologic changes winch legulaih occiu after 
antigenic challenge in oldci animals, some fmm of plusiologic matuiation must 
ensue A compauson is made in Tig 12 ot the popliteal Ivmph nodes fiom a 
12 dav old labbit injected into the loot pad on the dn\ of biith with BSA m 
adjuvants and tiom a 19 da> old labbit injected at 7 dajs ot ago 

DISCUSSION 

Togcthei with the assumption of an extiauteiinc existentc, tlieic oecius the 
nccesslt^ to develop those immunologic functions which aie chaiacteiistic ot 
adult animals While in uteio the developing fetus is piotceted bj the dc 
fenses of the mothei and the baiiici piovided bj the placenta, but fiom the 
time of biitli he must defend liimsclf against tlic potential pathogens of the 
en\ironment During the neonatal period, howevei, both human beings and 
labbits are deficient in then inimuiiologic capacities, and it is at this paiticiilai 
time that the neonate is peculiaih susceptible to a vaiietv ot scveie and fill 
mmant bacteiial infections which, duiiiig childhood and adult life, aie extiomch 
laic and occiii onh in states of scveie debilitation It is gcneialh accepted 
that this siisceptibilitv in the neonatal pciiod is due to the lack ot the acqniicd 
immnnitj which develops natiiialh to those pathogens which aie ubiquitous 
within the emiionment This dcficiencv is icflected in lapidh dccicasing con 
centiations of gamma globulin dining the hist few weeks of life m human in 
fants and m the absence of an antibod\ response following antigenic stimu 
lation in noimal human infants At this time of life, the Ijmphoid tissue is 
quantitatueh deficient and pooih oigamzed In addition, plasma cells aie 
absent fiom the bone maiiow and the hmphatic tissue of the bowel and hmpli 
nodes Studies of a babj born of an agaminaglobulinemic mother lexealed that 
this child, who ultimately was shown to be immunologicalh normal, could not 
be dififeientiatcd dining the neonatal peiiod by moiphologic oi immunologic 
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eritei’ia from patients with congenital agammaglobulinemia. We interpret this 
observation to be a clear reflection of the immunological ly null state which 
characterizes the neonatal period in normal human infants. Unlike the child 
reported here, however, normal infants are provided a measure of proteetion 
by the passive transfer of gamma globulin and antibodies across the placenta. 
The normal newborn has a concentration of gamma globulin in the cord blood 
which regularly equals and usually exceeds that of the mother. The absence 
of immunologic responsiveness in the neonatal period is reflected in a steady 
decline of gamma globulin eoncentratioji during the fii’st few weeks of life. The 
studies reported here show that the absence of immunologic I'csponsiveness which 
characterizes the neonatal i)eriod in both man and I’abbit has a definite morpho¬ 
logic correlate in the absence of plasma cells and the failure to form these cells 
in response to antigenic stimulation. In human beings it would appear that 
immunologic capability generally develoi^s sometime during the second duonth 
of life, and that this capacity is correlated ivith the appearance of plasma cells 
in the tissues and the production of these cells in res])onse to antigenic stimu¬ 
lation. In the rabbit a similar situation prevails except that the assumption 
of immunologic responsibility may occur before the twenty-first day of life. 

The early days of the neodiatal pei'iod ai’C also those in which the various 
states of immunologic tolerance may be produced. The production of the phe¬ 
nomena of tolerance also appears to depend upon the antigens gaining access 
to the bodj^ during the period of immunologic unresponsiveness. Dixon’s®^ re¬ 
cent studies show that, within certain qxiantitative limits, antigenicallj’^ stim¬ 
ulated lymph node cells from adult rabbits, when transferred to the neonatal 
rabbit, do not result in significant production of antibody. Such cellular trans¬ 
fers, when carried out in mature animals, regularly result in antibody formation 
in both normal and irradiated recipients, and it seems that the inability to 
effect such transfers in newborn rabbits reflects the functional inadequacy of the 
neonate to accomplish certain critical steps in the synthesis of antibody globulin. 
From the investigations reported in this paper, it is evident that the newborn 
is incapable of the synthesis of circulating antibody and is unable to produce 
the cells that are believed to be responsible for antibody sjmthesis. It is not 
certain, however, whether the deficiency of Ijunphoid cells and failure to de¬ 
velop plasma cells is the basis for the immunologic inadequaej"^ of the newborn 
human and rabbit or whether the failure to develop plasma cells is secondarj^ 
to some more basic disturbance in the capacity to .smithesize antibody which, in 
turn, is reflected in the failure of plasma cell development in response to anti¬ 
genic stimulation. 

In the lamina propria of the intestine and bone marrow of human in¬ 
fants, the complete absence of plasma cells was noted during the first weeks of 
life. Although our data are somewhat meager, it would appear that in man 
this state of immunologic unresponsiveness occasionally lasts as long as 3 to 4 
months. At the opposite end of the specti’um, plasma cells have been found 
in the lymphoid tissues as early as the third week of life in the human material 
studied. This variability is reflected in the variation that we^^ and others''''^ 
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lia\e obscncd 111 the peiiod ot detlinc ol soiiim gainni.i glolmlm toiieentiation 
dining the neonatal peiiod Tlic lowest lc\cl of gamma glolmlm icached is 
\aiiable and ma\ oeciu ainAihoie bcliiccn the ioiuth and the sixteenth iieeks 
aftei biith In an occasional child, theic appeals to be a clmicalh significant 
dcla\ in the assumption of immunologic icspoiisibilit\ and the gamma globulin 
lei el niai fall below 100 mg/100 ml Appaienth, witli these leicls tlieie is an 
inei eased siisceptibiliti to pneumonia, septicemia, and to the dcielopinent of 
piogicssiio laccmia’'’ \Yc ha\c studied scieial such childien who latei 

began to foim gamma globulin satisfactoiiU and weie shown to be immuno 
logicalh noimal The stimuli pioudcd b\ an extiautcimc existence might be 
held lesponsiblc foi the deielopmcnt of immunologic matuiation Iloweiei, 
the peisistence of an agaminaglolmliiicmic state foi 42 dais, eien m tlie face 
of mtensiie antigenic stimulation, in the imnuinologicalh noimal child bom of 
an agamiiiaglobulinenuc inotlici suggests that the antigenic stiimili of the cn 
Mionment do not sene to initiate the noimal cipaciti foi an immune lesponse 
dining the latci pait of the neonatal penod 

In labbits, the lelatucli mild antigenic stimulus affoided hi a saline 
solution of BSA did not icsult in an immune lesponse in animals that weic 
loiingoi than 28 dais at the time of injection When a moic intense antigenic 
stimulus was giien hi the use of a watci mod emulsion containing Mycohac 
tenum bnty}icum, a definite nioi])hologic lesponse was evident ns cailj as the 
sixteenth dav, and eiiculating antibodv could be demonstiated bv the nineteenth 
daj of life These studies, then, aic intcipictcd as defining foi the labbit the 
limits during winch cicn the most intensive antigenic stimulation does not ic 
suit in an immune iespouse defined cithei moiphologicallv 01 bj the develop 
ment of ciieulating antibodv ruithci studies of antibodv pioduction such as 
those of Stcrzl and Ifrubesova’ inav coiitiibuto to 0111 undci standing of the 
natiuc of the immune lesponsc m man and animals It appeals likelv tliat 
an essential phase of antibodv globulin svntlicsis cannot pioceed diuing this 
peiiod but becomes possible a tcvv weeks latci Tlie natiue of tins essential 
step and the mechanisms contiolling it mav be of ciitical significance foi a 
complete iindei standing of the immune 1 espouse 

The paiallel between agammaglobiiliiicmic patients and the neonate is in 
deed stiiking Repeated effoits to demonstiate a factoi inhibiting antibodv and 
gamma globulin foimation in the blood and tissues of patients with both con 
genital and acquired agammaglobulinemia have been fruitless Dixon’s 
studies^^ would indicate that mhibitois do not account foi immunologic iinie 
sponsiveness in the neonatal peiiod These states, then, aie indistinguishable 
b} the available morphologic and immunologic ciiteiia, and it is onlj the nor 
mal matuiation of immunologic potential duiirig the latci pait of the neonatal 
peiiod that allows diffeientiation of the immunologicalh normal child fiom the 
agammaglobulmemic patient It seems piobabic, as jMaitin lias suggested,^® that 
congenital agammaglobulinemia icpicsents a disease state icsulting from the 
indefinite peisistencc of the immunologicalh null peiiod which is present in all 
infants diuing the fiist seveial weeks of cxtrautciine existence 
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SUMMARY 

Detailed investigations of an iinmnnologically normal child born to a woman 
with acquired agammaglobulinemia have provided an opportidiiity to observe 
the maturation of immunologic characteristics during the newborn period. A 
serial studj^ of the gamma globulin concentration by an immunochemical tech¬ 
nique revealed the gamma globulin concentration to be below 11 mg. per 100 
ml. until the sixth week of life when gamma globulin began to accumulate rap¬ 
idly in the serum. Although intensive antigenic stimulation was provided once 
each week during the first 2 months of life, antibod.y did not appear in tlie 
serum until the sixty-seventh day of life. Subsequently this child’s gamma 
globulin eoneentration rose to normal levels, and the child has maintained those 
levels foibiid in normal children. Serial bone marrow and lymph node biopsies 
did not reveal plasma cell production during the neonatal period. The capacity 
to produce plasma cells, however, developed concurrently with the capacity to 
sjmthesize gamma globulin and antibody. 

Examination of bone marrow biopsies from 20 noi-mal infants during the 
first week of life has shown that plasma cells are noi'mally absent from the 
marrow at this time. The development of the capacity to form plasma cells 
during the neonatal period has been revealed by a study of the lamina propria 
of the ileum and appendix of children of various ages. Plasma cells are not 
present in these sites at birth or in the fiivst few weeks of life, but appear in this 
location between the fourth and the sixth weeks of life. The majority of 
children 6 months of age and older have large numbers of plasma cells in these 
areas. 

The development of plasmacytosis in response to even the most intense anti¬ 
genic stimulation does not occur prior to the age of 16 days in the rabbit. Pre¬ 
cipitating antibody did not appear in the serum in rabbits less than 19 days 
of age regardless of the intensity of antigenic stimulation. The morphologic 
changes occurring in the lymph nodes draining the site of injection of BSA in 
Freund’s complete adjuvant at an age prior to the development of immunologic 
capacity and plasma cell formation are described. 
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ABNOKIMAL URINARY AMINO ACID PATTERNS IN ACUTE 
INTERMITTENT PORPHYRIA 

Sherman M. IMellinkoff, iLD., Richard jM. Halpern, M.D., 

Marjorie Prankland, A.B., and Margaret Greipel, A.B. 

Los Angeles, Calif, 

A cute intermittent porphyria remains a metabolic and physiologic enigma. 

Although much has been learned about the porphyrin metabolites that 
appear in this disease, the fundamental biochemical defect and the pathogene¬ 
sis of the signs and symptoms are not known. Abnormal amino acid excre¬ 
tion has been observed in rabbits given drugs that produce an experimental 
form of porphyria.' Hence, as a vague exploratory gesture, the blood of a 
patient Avith acute intermittent porphyria (during remission) was analyzed 
for its amino acid content by two-dimensional chromatography." There ap¬ 
peared to be no abnormalities apart from an increase in the threonine con¬ 
centration, and the latter seemed of dubious significance. 

More reeentlj^ one of us (R. M. H.), intrigued bj' the occasional finding 
of a faintly “positive” Watson-Schwartz test for porphobilinogen in patients 
not having porphyria, suggested that the chromatographic analysis of such a 
urine bo compared with the urine of a patient with acute intermittent 
porphyria. The chromatogram of the “false positive” patient’s urine appeared 
to be quite normal as compared with 50 normal chromatograms previously 
done in the same lalioratory. In the case of the patient with poriihju'ia, how¬ 
ever, there Avere striking abnormalities, including moderate elevation in 
threonine and eysteic acid and more phenylalanine than had preA'iously been 
found in any specimen other than the urine of patients Avith phenylpyruvic 
oligophrenia. It Avas decided, therefore, to .screen the blood and urine of all 
aA'ailable patients Avith poiqihyria for amino acid abnormalities. 

AIATERIAL AND METHODS 

Twelve patients vdth acute iiiterniittent porphyria were located (Table II). Four 
of them, 3 women and I man, were in acute relapse, with abdominal pain or neurologic 
manifestation.s. The other S, all women, wore at the time of testing either asymptomatic 
or having only mild neurosis-like complaints. All but one of the patients had experienced 
typical symptomatic bouts of acute intermittent porphyria, and alt of them had moderate 
to largo amounts of porphobilinogen in the urine at the time of these experiments. In 
addition, one patient with mixed porphyria was tested. 

One or two fasting venous blood specimens were obtained from each patient, using 
dried heparin ns an anticoagulant. The first morning urine specimen folloiving the usual 
nocturnal fast was obtained a total of 2S times from the 13 patients. Color photographs 
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of 125 blood specimens and 43 urine specimens from normal lienlthy indiMdunls were 
n\niHble In order to assure contemporarj coinpnrison, however, an additional 10 normal 
lolunteers mere used ns controls m these experiments 

The blood specimens ^\erc dtproteinizeil with absolute alcohol, an aliquot of filtrate 
spotted on filter paper, and tA\o dimensional chromatograms made using tert butjl alco 
hoi and phenol as the soKcnts and ninliMlnn ns the color (lt,% elojter 2 All urine speci 
mens nere deproteim/cl nitli 71 per tent tth\I akohol, desalted b^ ion exchange (Hon ex 
50 X 8h^drogtn form) and t\nj)orated or dilutdl to i constant of 40 /ig of troatinine per 
2") >il of solution The chromatograms mere then processed in the same manner used for 
blood This method is roughh semiquantitnti\e, and in this laborator\ the following 
ammo acids lia\e been regulnrl} identified in normal blood leucine and isoleucine 
(1 spot), ^nllne, phen\lalanme, txrosine, a alanine, threonine, serine, ghcine, glutamic 
acid, hsine, c^stelc acid, and glutamine Less often the following are found prolme, 
a amino n but\no acid, and arginine Special stains have been required to demonstrate 
others In the normal urine all of the abo\c listed ammo acids ha%e usualh been seen 
except hsine, prolme, and nrgniinL (Fig 1) In addition, the following ha\e usualh 
bodi found /? alanine, asparigme, and lysine superimposed upon histidine Beta anunoiso 
but\riG acid is identified in some urine specimens as a spot under that of valine which liecomes 
dic-i) purplo after spruing with nlnh^d^ln and heating to 110® F 3 It is not iflfccted b\ acid 
Indrol^sis This spot changes to deep blue upon dipping m 1 per tent sodium bicarbonate and 
IS not completelj washed from tlic paper b% rinsing m water for 3 minutes Homo 
c\Stine and aspartic acid are aho sometimes found in normal urine Unidentified spots 
found in normal urine chromatograms with Rf values as indicated are listed in Table I 


Table I Rr Vaiues fop Umdfntified Spots Found i\ Normal Urine Chromatograms* 


SIOT 

1 Rf \AIUES 

1 BUTANOI 

1 

PHENOL 

A 

0 44 


0 91 

B 

0 28 


0 78 

C 

0 J8 


0 44 

D 

010 


0 22 

L 

014 


0 24 

F 

0 16 


0 33 


•spot B may be sarcoaiHL sircosinc standard grave Rf ^lllucs of 0 78 and 0 JO in phenol 
ind butanol icspcctivcl} 


RESULTS 

Since the methods employed afc onij scmiqiiantitatne, questionable do 
paitiucs iiom noinial weie ignoicd, and onlj cleai and obvious abnoiinahties 
lecorded 

All of tho blood cluomatogiams appealed to be Mithm normal limits except 
for 2 of 3 specimens obtained fiom one patient (F II) In these 2 instances 
theie i\erc slight to maikcd incieases in the concentiations of phenylalanine, 
glutamic acid, threonine, and Ij sine Di S Wright of the UCLA Depart 
ment of Pediatiics kindh took two blood specimens fiom this patient to Di R 
Lippman at the Califoinia Institute of Tcchnologv, vliere quantitative phen 
ylalanine detcimmations wcie done by the method of Udenfiiend and Cooper^ 
Dr Lippman found concentiations of 10 and 3 mg per cent in 2 specimens which 
by the chiomatogiapliie technique appealed to show a maiked incicase and a 
normal concentiation of phenyldlanme, lespectneh 

In most of the urine cliiomatograms theie Mere tuo yellow spots befoie the 
application of ninhydnn One of these spots had the following Rf values 
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Fig. 1.—Black and white photograph ot normal urine chromatogram. Colors present in 
original paper help in estimating concentrations and also in distinguishing some overlapping 
spots. Gb’cine, for example, is brown, and serine Is purple. Numbers indicate identity ot 
spots as follows: 1, a-alanine; 2, a-amino-n-butyric acid: 3, ^-alanine (slate blue) or d-amino 
levulinic acid (yellow); 4. asparagine; 5. cysteic acid; 6, glutamine: 7, glutamic acid: 8. 
glycine; 9, leucine and isoleucine Tinseparable) : 10, lysine and histidine; 12 phenylalanine; 
14, serine: 15, threonine; 16, tyrosine: 17. valine and p-amlnoisobutyric acid. A. B. C. and 
D are unknown. A (purple) overlaps proline (yellow). B may be sarcosine. 



Fig. 2.—Chromatogram of urine from Patient F. H. with e.vacerbation ot acute inter¬ 
mittent porphyria. Besides spoLs listed under Fig. 1. the following are present: 1. methyl 
histidine and carnoslno and 13, porphobilinogen. In addition, the following are present in 
abnormally high concentration: phenylalanine (12). p-aminoisobutyric acid (17). 6-amino 
levulinic acid (3), threonine (15), glycine (S), cysteic acid (5). and Ij-sine and/or histidine 
(4). 
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phenol 0 5G, and butanol 0 64 The othei j ellow spot had phenol and butanol 
R£ ^allies of 0 64 and 0 43, lespectnelj The fiist of these was, in all prob 
abilitj, poi phobilinogen and the second 8 ammo le\ ulinic acid Porphobilin 
ogeu and 8 ammo Icvulmie acid were isolated from the urine by ion exchange ® 
On papei chromatogiams these substances appealed with Rf values identical 
to the jellow spots deseubed above 

The lesults of the ehromatogiaphic studies on the urines from patients 
VNitli porphjrn aie sumniauzed ni Table II and illustrated m Pig 2 All 
of the specimens v\cie abnoimal, but some of them contained grossly ev 
eessivc amounts of manv ammo acids while otheis contained onlj slightlj 
meieased amounts of 1 oi 2 ammo acids In the 28 uiine specimens the mini 
bei of times the substances listed weic found in high concentiation is null 
cited as follows a alanine 3, 8 ammo levulmic acid 26 cjsteic acid 24, 
glutamine 2, glvcinc leucine isoleucinc 2, pheiiv lalanme 15, porphobilinogen 
24, seiine 6, thieomnc 13, beta aminoisobiitjiic neid 14 Some of the im 
known spots weie also piesent in high concentiation as listed m Table II 

No abnoimalities v\eic seen in the ehromatogiaphic analvsis of the blood 
and uune specimens of the patient with mixed poiphyiia except for a moder 
atelv meieased uunarj concentration of 8 ammo lev ulmic acid 

DISCUSSION 

The striking differences lietwecn the noimal mines and tliose fiom patients 
with acute inteimittent poiphjiia eleaily indicate abnoimalities m ammo 
acid excietiou That the blood ammo acids aie sometimes abnoimal m this 
disease is not eeitain fiom these expeiiments, but is suggested bj the findings 
m one patient 

The unnaij ahnoimalities are difficult to quantitate or even to define 
Since some of the patients weic too sick to follow a stnet dietaij legimen 
food and fluid intake wcie not controlled Undei those circumstances com 
pansons based upon timed aliquots of mine would be of dubious value, since 
the amount of mine pioduced in a given peiiod of time would be influenced 
by the degiec of hjdiation, salt consumption, and manj other vanablc fae 
tois Hence 40 fig of minaiy creatinine was aibitraril^ used as the standard 
to which comparisons of ammo acid excietion could be lefeiied Creatinine 
excietion is i elated chieflj to the size of the muscle mass It is possible that 
this means of standaidmng the quantity of mine used foi compaiing ammo 
acid pattern is not a desirable one Not enough is jet known about noimal 
ammo acid excietion to be suie a pnoii that any paiticulai standaid would 
be bettci than anothei Nevcitheless it can at least be concluded that the 
latio of ammo acid to creatinine excietion is quite different m normal mdi 
viduals and patients with poiphjna This fact, of eouise is onlj the begin 
mng of an inqiurj into ammo acid metabolism in poiphjiia 

Anothei standaid of eompaiison is inheient in these expeiiments It is 
the lelationship between the density of ammo acid spots on a given paper 
Thus tlie urmaiv aliquot of one patient contained noimal amounts of all of 
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Table II. Substances Found in High Concentk.ation in Urine Feoji Patients With 
Porphyria. Numbers and Letters Eeper to Substances as Indicated in Legends 
OF Figs. 1 and 2 and in Table I. The Number “3” in This Table Always 
Eefers to 5-Amino-levulinic Acid and “17” to y8-AMiN0-is0BUTYRic Acid 


DATE 

PATIENT 

CHROMATOGRAPHIC 
SPOTS FOUND IN 

MODERATELY HIGH 

CONCENTRATION 

CHROMATOGRAPHIC ! 
SPOTS FOUND IN | 
VERY' HIGH ' 

CONCENTRATION j 

CLINICAL CONDITION 

P2/4 

H. T. 

1,3,5,12,13,17, imd F 

B 

Agitated, whining, odd com¬ 
plaints 

1/6 

H. T. 

3,12,1.3,17 

None 

Same as on 12/4 

12/31 

F. H. 

6,8 

3,5,12,13,15,17, and 
F 

Acutely and sei’erely ill, neu¬ 
rologic signs, agitation 

1/20 

F. 11. 

3 ajul 13 

5,,8,10,12, and 15 

As on 12/31 

2/3 

F.H. 

3,5,8,10,12,13, aiul 

14 

15 

Cataleptic 

2/6 

F.II. 

5,6,7,S 

3,13,15 

Slightly improved over 2/3 

2/8 

F.H. 

.3,8,13,15 

5 

Striking improvement 

2/10 

F.H. 

1,3,8,1.3,15 

5,12,17,A 

Almost complete remission 

2/11 

F. H. 

.3,5,8,1.3,15 

9,14,17, A 

Same as on 2/10 

•VI 

F. H. 

.3,.5,8,15 

12,13,14,17, A 

Sami' ns on 2/10 

3/18 

F.II. 

.3,5,12,13,17 

None 

Winning, weak 

1/8 

L.E. 

5,13 

3 

Asymptomatic 

1/16 

L. E.i 

5,15 

3,13 

.SeY'ere abdominal pain and emo¬ 
tional disturliances 

1/20 

L.H.i 

3,5,13,15 

None 

Somewhat improved over 1/16 

1/3 

J.jM. 

3,5,12,13 

None 

Complete remission 

2/7 

J. M. 

3,5 

13 

Complete remission 

1/30 

H. B. 

3,12,13 

10 

Few odd “psychoneurotic” com¬ 
plaints 

1/31 

.T.D. 

5,12,15 

3,13,17 

JIuscle weakness and other neu¬ 
rologic signs 

2/3 

J.H. 

5,14 

3,13,17 

Same as on 1/31 

2/5 

,T. D. 

5,12,15 

3,13 

Same as on 1/31 

2/9 

J.D. 

5.14 

3,13,17 

Same as on 1/31 

3/4 

N. S. 

.3 

None 

Mixed porphyria, abdominal pain 
and tenesmus but emotionally 
stable 

3/17 

.1. lil.i 

3,13 

None 

A.symptomatic 

.3/18 

U. E. 

.5,12,15 

.3,13 

A.symptomatie, taking BAL 

.3/20 

T.D. 

5,9,17 

1,7,8,10,12,14 

Asjmiptomatic 

5/20 

E. S. 

12,17 

5 

Neurasthenic 

6/2 

F. A. 

3,5 

17 

Acute abdominal pain 

6/5 

F. A. 

3,5,13 .1 

■'sl''- 

Same as on 6/2 
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the amino acids iisuall% found except for obMOUsh e\cessl^e amounts of 
c\steic acid E\cii if the cioatinine standnid \%as misleading, it i\ould appear 
that cithci the excretion of c^stcic acid ^\as inci eased or the excretion of the 
other ammo acids \\as diminished 

Poor diet in some of the \(ir\ sick patients mav ha've been responsible 
for some of the abnormalities seen Ho\%c\er, this possibility seems unlikeh 
because similai abnormalities ^^ere found in asymptomatic mdividmls Avith 
porplivin who wore eating normalh 

Delta ammo le\ulinic acid, a precursoi of the porph’VTin ring has pre 
Mouslr been found in the urine of patients with porphvna * "We are not 
aware of other proMOUsh repoited abnormalities in ammo acid metabolism 
m patients wath porphynn 

It IS eoneenable that the abnormalities reported here are secondary to 
alteiations m the metabolism of porph\nns but it seems more likely that some 
more basic biochemical defect is lesponsiblc for the abnoimal porplnTUi metabo¬ 
lites as well as the abnormal ammo acid excretion Goldberg and KimingtoiP 
ha\e icported abnormal ammo acid excretion m r.abbits suffering from drug 
induced poiph^Tia but the uninry ammo acid pattern of the rabbits ex 
cicting the most porphobilinogen was more ncarh like that of normal rab 
bits This obseriation might suggest alternate metabolic consequences of an 
undeihmg enzMuc deficiency induced by the drug The findings here were 
not the same as those reported b\ Goldberg \o\ertheless the drug induced 
disease m lahbits, eyen if analogous to human porphyria might be expected 
to create diffeient metabolic effects 

More piecise obsenations will be noccssan befoie these ammo acid pe 
culnnties can be traced to then source It would seem worth while to do 
so since the s^Tnptonis and signs of acute intermittent porph%ria aic not well 
con elated wath the ex.cietion of porphobilinogen As is shown in Table II 
thcie appealed to be little if any, tciidenc\ for the clinical condition of the 
pitients 111 this senes to be associated x%nth the dcgiee of ammo acid abnoi 
malities but the luimbei of obsc^^atlons are too few to justify conclusions 

SIjM31 vr\ 

Abnoimal uiaiiary ammo acid excretion was found in 12 patients wnth 
acute intermittent po!ph3Tia One patient also had abnormal quantities of 
a few ammo acids m the blood The cause of those findings is not known 
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A COMPARISON OP ERYTHROMYCIN WITH OLEANDOMYCIN IN 
COiMBINATION WITH OTHER ANTIBIOTICS AGAINST 
HOSPITAL STAPHYLOCOCCI 

Harold J. Elliott, B.A., and Wendell H. Hall, M.D., Ph.D. 
jMinneapolts, Minn. 

T his study was prompted by the recent controversy concerning the efficacy 
of antibiotic combinations in the treatment of staphylococcal infections. 
Some authors^'® have reported certain antibiotic combinations to show po¬ 
tentiation or even synergism of antibacterial effects and also to retard the 
emergence of resistant strains of staphylococcus. Others have not confirmed 
these findings and liave outlined objections to antibiotics combined in mixtures 
with fixed ratios.®'® We have attempted, by the tube dilution and agar dif¬ 
fusion methods, to evaluate some paired combinations of 12 common antibiotics 
against 30 hospital strains of coagulase-positive hemolytic Staphylococcus 
aureus. Additive antibacterial effect was frequent but synergism was rare.® 
In 1956, English and co-workers’ reported synergistic activity with Sig- 
mamycin,* a physical mixture of one part tetracycline and two parts of ole¬ 
andomycin, a new antibiotic that is very similar to erythromycin. Growth of 8 
out of 21 selected strains of antibiotie-resistantt staphylococcus was inhibited 
b.v Sigmamycin in a concentration significantly less than required with either 
oleandomycin or tetracycline alone. English also found a high degree of pro¬ 
tection for 4 days against a usually fatal staphylococcal infection in mice. The 
protection afforded was proportional to the size of a single oral dose of Sigma¬ 
mycin and greater than could be expected through the addition of tlie pro¬ 
tective effects of oleandomycin and tetracycline. 

Similar re.sults were reported by English and his co-workers’ with 3 anti¬ 
biotic-resistant strains of stapliylococcus when much larger doses of Sigma¬ 
mycin Avere gh'en. Unfortunately the data from each of their individual ex¬ 
periments were not given. Averages of 8 experiments were reported in each 
instance and intragroup A’ariations were not stated. A statistical evaluation 
of the data indicated significant enhancement of protection by Sigmamycin. 

From the Veterans .Administration Hospital. Minneapolis. Minn., and the Department of 
Medicine. University of Minnesota Medical School. 
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•Oleandomycin. Sigmamycin (a physical mixture of 67 per cent tetracycline and 33 
per cent oleandomycin), oleandopen or AP (an oleandomycin salt. 67 per cent oleandomycin 
and 33 per cent penlclilin G bv weight) and fortified oleandopen or APG (110 mg. AP with 
73 mg. added penicillin G) were generously supplied through the courte.sy of Chas. Pfizer 
Sc Co., Inc., Brooklyn. N. Y. 

tGarrod’ was unable to conflmi the antibiotic resistance and Sigmamycin synergism wltli 
one of these strains in his laboratory. 
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The Ic\cl of in Mtro lesistance of the 3 antibiotic lesistant stiains of staphjlo 
coccus "was not gnen Tetraejehne alone had no piotectnc actnitj against 
these 3 strains in mice, although tctiacycbnc did enhance the protection af 
folded b} laigc doses of olcandomjcm The enhancement of piotection iias 
significant onlj Mith ^Cl •3 large doses of Sigmani>cin 

Caiiei and ^rale\'’ used Slgmam^cln m 125 patients, most of \\liom had 
upper icspiratoij infections Tlie drug ^^as veil toleiated and nontoxic and 
seemed to be effectne in a ^aiietj of infections 

■\Vinton and Chcsro^^® reported the use of Slgmam^clll in 50 patients iiith 
a !aiiet> of infections The infections ncie controlled in all but 3 cases The 
oiih side effect noted nas soft stools in 3 patients 

In anothei cluneal report, La Caille and Prigot'* used Sigmamjem in 
79 cases, including 48 patients with cellulitis and 31 patients with other infee 
tions of sott tissues The clinical lesponse was excellent and side effects were 
raic No data neic gueii with legaid to bactciial icsistancc 

The oleandonnein salt of penicillin G, olcandopen (compound AP), nas 
studied bj Hobbi and conorkers* Eighteen stiams of staphjlococcus neic 
selected nhicb nore highh lesistant to ci 3 tlnom\cin and consideiabh moic 
susceptible to oleandomjem These stiams neic also lesistant to penicillin, 
\ct all but one ncrc more susceptible to compound AP than to either penicillin 
G 01 oleaiidomicin Tlie rate of emergence of resistance to compound AP uas 
letaidcd uhen compaicd with pemcillm G and oleandomicm separatelj uith 
tuo susceptible and one penicillin icsistant stiams of staphilococcus Similai 
lesults Mere obtained uith mechanical mixtmcs of oleandomjcin and penicillin 
G Compounds AP and APG (AP fortified uith pemcillm G) protected mice 
infected uith both penicillin susceptible and resistant strains of stapln lococeus 
The strains used uere all oleandomicm susceptible 

Blood le\els of antibactciial actnit\ ueie measured in human subjects 
guen compounds AP and APG bi Pa\ne and couorkei’S® The antibacteiial 
actiMtj uas maintained foi a feu hours longei in the blood uith compounds 
AP and APG than uith potassium penicillin G Seien patients uith larioiis 
infections impioied uhen ticated with compound AP 

Jones and Finland® studied antibacterial actiiity of the blood in 6 noi 
mal men aftei oial admimstiation of oleandonncin penicillin G, and com 
pounds AP and APG against susceptible staphylococcus Penicillin 6 was 
the most actne and oleandomjem was the least offectno of these antibiotics 
The compounds AP and APG showed no enhanced actuiU In a subsequent 
studj^ the same authois compaicd the antibacteiial actnity of 3 antibiotic 
mixtures 2 parts of tetiacyclme with 1 pait of eithei oleandomjcm erythio 
mycin, or spiiamycin Thej found the most actne combination to be tetia 
cjcline erythiomjcin Howeaei, of 34 stiams of staphjlococcus tested onlj 
2 were more sensitne to the mixture of tetiaejcline eothrom-vem than to 
the most actne of the components m the combination, most of their strains 
were tetraejehne lesistant Jones and Finland also found that these anti 
biotic combinations pioduced no gicatei antibactcnal actnitj in the plasma 
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of normal adults after a single oral dose than after an equivalent dose of 
the most active of the antibiotics in the combinations. Erythromycin was 
mueh more potent in vitro than oleandomycin or spiramycin against most 
strains of staphylococcus and prodixced much greater antistaphylocoecal 
plasma activity after oral administratioji to human beings. 

Garrod' found no enhanced or sjmergistie effect with Sigmamycin against 
9 strains of staphylococcus when compared with oleandomycin and tetra¬ 
cycline in broth. Repeated exposure of 6 strains of susceptible staphylococcus 
to Sigmamycin led to an emergence of significant resistance to tetracycline 
and to a lesser extent to Sigmamycin but not to oleandomj’^cin. The addition 
of tetracycline seemed to retard resistance to oleandomycin but the reverse 
was not true. Garrod tested 4.5 strains of crj^thromycin-resistant staphylo¬ 
coccus obtained from various hospitals and found 29 susceptible to oleando¬ 
mycin. Strains fxilly resistant to the closely related antibiotics (erythromycin, 
oleandomycin, and spiramycin) showed a uniform population of resistant 
colonies. Strains which were resistant to onlj'^ 1 or 2 of the 3 antibiotics 
produced less than one colony in 100 which was fullj' resistant. Furthermore, 
resistance of the “dissociated” type to erythromycin only was unstable, re¬ 
quiring the continued presence of erythromycin. Dissociated resistant strains 
became resistant to oleandomycin and spiramycin, as well as to erythromycin, 
in the presence of moderate eoncenti-ations of erythromycin, a curious type 
of antibiotic interaction resembling but not identical with the phenomenon 
of drug dependence. Garrod also induced resistance in staphylococci and 
found that erythromycin induced partial cross-resistance to oleandomycin Inxt 
little to spiram.ycin. Sti'ains rendered resistant to spiramycin also became 
resistant to oleandomycin and erythromycin as well. 

Andricu and associates'* tested 324 strains of staphylococcus isolated 
from clinic patients in 1953 and 1954 and found them all susceptible to the 
erythromycin group of antibiotics although erythromycin was more active 
than oleandomycin and oleandomycin was more effective than carbomycin or 
spiramycin, the least active member of the group. Of 126 strains of staph¬ 
ylococcus from patients in the hospital in 1956, about 8 per cent were resistant 
to erythromycin and 10 per cent resistant to oleandomycin. They induced 
resistance to each of the 4 antibiotics in 3 strains of staphylococcus and 
demonstrated almost complete cross-resistance to the 4 antibiotics in one 
strain made rc.sistant to oleandomycin. The same sti’ain showed less cross- 
resistance when erythromycin resistance Avas induced. Studies AAotli 36 strains 
of staphylococcus Averc made by paper strip-agar diffusion comparing the 
antibacterial actiA-ity in pairs of erythromycin, oleandomycin, carbomycin, 
spiramycin. ])cnicillin, sti’eptomycin, tctraej'cline, chloramphenicol, and noAm- 
biocin. “Synergism” Avas repoi-ted to occur most frequently AA'ith oleando¬ 
mycin combined Avith sti'cptomycin, penicillin, or noA'obiocin. Synergism 
Avas found with similar frequency Avith ei-j’thromycin in association Avith peni¬ 
cillin or .streptomycin. Unfortunately, the authors did not define the Avord 
sATAcrgism as used by them. 
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\un I er 1 

In the pioscnt stuch the siisctptibihtj of 30 stiains of hospital staph 
>lococciis to eijthionncm, okandonncin Si^jinaiincm, oleandopen (AP), and 
foitificd oloandopen (APG) was moasmed In the tube dilution method^ The 
bacteiicidal end point foi each antihiofic piepaiation was elicited In sub 
cultuic of each bioth tube to an agai plate The combined effect of pans 
of each of these antibiotic compounds upon the 30 stiains of hospital staph 
■slococeus was measined b.^ a papci stiipagai diffusion method® Penicillin 
tetraoxeliiic, chloiampheiiicol, neonnem, bacitracin, •\ancomjcin, and no\o 
biocin weie also tested foi combined effects w ith menibeis of the cij thiomj cm 
gioup The luffuonce of paiied antibiotic combinations upon bacteiicidal 
actiMti was moasuicd In piepaiing loplica plates fiom the oiigmal agai 
plates with lohetion stamps In the nuthod of Tjedeibcig** As m oui piOM 
oils stiuh, sMioigism of aiitibacteiul effeits with a pan of antibiotics was 
iKOided onh when the piiution of the two antibiotic inliilntion 7oiies was 
expanded along a stiaight line No eases ol sMioigism weie obsened in the 
pusoiit studi 

MVTFRI\Li> \ND MFTHOnS 

Tlie matemls ♦xml nietliodg used were identical to tliosc described in a previous «tudj o 
Tlie coTUcntration of the oleuidom\tin silt's and mixtures in tlie i aper strips for agir dif 
fu'*ion was 100 per milliliter The antibiotics were fresldv dissolved in sterile distilled 
water 


TAUir I The Bacteriostctic CoNCExievTiox op 7 Avtibiotics Acunst 30 IIospitvi 
Strmns or STirniLOCOcct-s Aipels (Tube Mptiiod) 


ANTIBIOTIC 

1 


MlCrOCKAMS or 


lEE MILLIUTEr 

— 





1 Ob 1 

J12 1 

0 Jo 1 

IJ5 1 

1 

oO 

1 100 1 

TIM 

Erjtliromjcin 

3* 

IG 

3 

1 

4 

0 

0 

0 

0 

1 

Sigimnixcm 

11 

4 

3 

3 

2 

0 

0 

1 

4 

0 

\P 

11 

0 

11 

1 

0 

0 

0 

0 

0 

0 

APG 

q 

3 

4 

9 

0 

0 

0 

2 

3 

0 

Olcandomjcin 

2 

0 

6 

1;> 

0 

0 

0 

0 

5 

0 

TetMocline 

q 

0 

1 

0 

1 

0 

G 

5 

3 

3 

Penicillin G 

10 

0 

0 

0 

0 

0 

0 

0 

3 

IT 


Median xalucs are Indicate! bj italio 

•Each number refers to the number of strains inlubite 1 


RESULTS 

The bactciiostatic actnitj of the oijthioimcm group of antibiotics is 
gnen m Table I Eij tin 01115 cm the most efteetne antibiotic of the 
group tested Sigmanijcm showed considciablj’- moie actnitj than did eithei 
of its two components olcandomjcin and tctiacaclme Those antibiotic mix 
tines which contained penicillin (AP and APG) weie slightlj’ more actnc 
than oloandomjcm and iiuich moic actnc than penicillin alone It should be 
noted that the stiains of staphjlococci tested weie isolated late 111 1954 and 
most of them w ei e highlj’’ 1 esistant to pemcillm and teti acj dine 

The bacteiicidal actnitj (tube method) of these same antibiotics is 
gnen m Table II Eiythiomjcm again appeared to be the most aetne anti 
biotic of this group The oleandomycin combinations appeared only slightly 






370 


ELLIOTT AND HALL 


J. Lab & Clin. ^led. 

March. 1959 


Table IV. Aktago.vistic Antibacterial Activity of 12 Antibiotics With 30 Hospital 
Strains of Staphylococcus Aureus (by Agar Diffusion With Eeplica Plating) 


ANTIBIOTIC 

BACTERIOSTATIC COMBINATIONS 1 

(ORIGINAL PLATE) | 

BACTERICIDAL COMBINATIONS 
(REPLICA PLATE) 


1 0 

1 Si 

1 APG 1 

AP 1 

1 AP 

1 APG 1 

Si 1 

0 1 

Si 








0 

Si 

APG 







5 

5 

APG 

AP 



0 



0 

7 

7 

AP 

No 



0 

0 

0 

3 

5 

4 

No 

E 



1 

1 

7 

5 

0 

0 

E 

V 



0 

0 

0 

0 

n 

8 

V 

T 



0 

0 

3 

4 

0 

0 

T 

P 



0 

0 

0 

n 

3 

3 

P 

C 



0 

0 

0 

,7 

0 

0 

C 

N 



0 

0 

0 

0 

0 

0 

N 

B 



0 

0 

0 

0 

0 

0 

B 


Note; For key to abbreviations see Table III. 

The number given indicates the number of strains out ot 30 showing antagonism oC 
antibacterial activity with a pair o£ antibiotics 


Table V. Combined Antibacterial Effects of 38 Oleandomycin Combinations Against 
30 Hospital Strains of Staphylococcus Aureus (by Agar Diffusion 
With Replica Plating) 



I NO EFFECT | 

1 ADDITION 1 

1 ANTAGONISM 

STRAIN 

ORIGINAL 1 
PIATE 

REPLICA 

PLATE 

ORIGINAL 

PLATE 

REPLICA 

PLATE 

ORIGINAL 

PLATE 

REPLICA 

platj: 


1 

2 

3 

4 

5 

G 

7 

8 
P 

10 

IK 

12 

13t 

14 

15t 

16 

17t 

18 

19 

20 
21 
221 

23 

24 
2 o 
20 

27 

28 

29 

30 


17 * 

14 

21 

17 

0 

7 

17 

22 

21 

21 

0 

12 

22 

17 

16 

26 

0 

0 

23 

17 

15 

19 

0 

2 

21 

17 

17 

20 

0 

1 

21 

12 

17 

25 

0 

1 

19 

22 

19 

15 

0 

1 

90 

18 

16 

18 

0 

0 

14 

13 

24 

21 

0 

4 

16 

25 

19 

13 

3 

0 

29 

29 

9 

9 

0 

0 

11 

11 

27 

27 

0 

0 

25 

28 

13 

10 

0 

0 

11 

14 

27 

19 

0 

5 

29 

28 

9 

10 

0 

0 

24 

16 

14 

20 

0 

2 

20 

25 

13 

13 

0 

0 

25 

13 

13 

17 

0 

8 

9 

n 

29 

27 

0 

0 

19 

13 

19 

25 

0 

0 

20 

10 

18 

20 

0 

2 

30 

31 

8 

7 

0 

0 

15 

4 

23 

23 

0 

11 

11 

6 

27 

31 

0 

1 

14 

9 

24 

29 

0 

0 

19 

17 

19 

19 

0 

2 

16 

10 

22 

17 

0 

11 

14 

9 

24 

24 

0 

5 

18 

12 

20 

23 

0 

1 

11 

11 

27 

27 

0 

0 


•Eacii number refers to tlie number of cases of combined effect out of a pos.sibie total 
ot 38. 

-tThcse strains were liiglily resistant by the tube method to oleandomycin. AP. APG. 
Sigmamycm, and mans of tlie otlier antiblotlc.s tested It w ill be noted that none of tiiese 
strains showed antagonism and all .showed less addition tlian the more susceptible strains. 
Other strains .showing less resistance had a higher incidence ot addition and antagonism 
This demonstrates that for an organism to react favorably or unfa\orably to a combination 
it must be susceptible to the antibiotics used. No instances of synergism weie found. 
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stiaiiib oi staphj lococciis (Nos 11, 13, 15, 17, and 22) highly icsistant to the 
oleandonijcm gioup, as well as to other antibiotics The lesistant strains, 
as might be evpected, showed less addition of antibiotic actnitj than the 
nioic susceptible strains rurtheimore, the highly resistant stiains showed 
no antagonism between antibiotics Three susceptible strains (Nos 2, 23, and 
27) showed a higher incidence of antagoiiisiin Tabic A'l again demonstrates 
that lesistaiit stiains of staphjlocoeciis showed less addition of antibiotic ac¬ 
tivity than did the susceptible strains Likewise, lesistant stiains showed 
less antagonism of antibiotic bactciicidal effects 


Tvblf VI ANTiBvcTEriAL \CTmrY OF 4 Oli.andom\civ Combinations ani> 8 Otiiek 
VNTIBIOTICS in PAIPS ACVINST ReSISTCNT and ‘^LSCLFTIBLE felTVlNS 
OF Stvpmmococcus ACPECS 




ORIGINAL PLATE ] 

1 PFPLICA PL-\TF 

vntibiotic 

NUMBER 

OF 

STRMNS 

NO 

fffect 

(pibcent) 

ADDITION 
(PEP cent) 

ANTVCO 

MSM 

(1 LR cent) 

NO 

epfect 

(PEP cent) 

addition 
(PEP cent) 

ANTACO 

NISM 

(PEP CENT) 

J JResistant* 








Oleandomtem 

0 

60t 

40 

0 

58 

42 

0 

Sipramtciri 

7 

81 

19 

0 

“ 

18 

5 

AP 

0 

71 

29 

0 

71 

29 

0 

\PG 

5 

09 

31 

0 

78 

•> > 

0 

B Susceptxble 

Olemdomicin 

23 

40 

60 

0 

28 

62 2 

98 

Siiiamvcm 

23 

41 0 

5«1 

04 

32 4 

61 3 

63 

AP 

25 

43 6 

56 

04 

29 8 

60 

10 2 

APG 

25 

46 J 

53 4 

04 

38 0 

51 3 

98 


•Resistant to 6 2 j us or more per milliliter of antibiotic in column 1 b\ the tube dilu 
tton method 


lEach number represents the per cent of cases showing: addition antaffomsm or no 
effect upon antibacterial acthjt> when tested in combination with another intiblotlc 


T\ble VII Effect of Antibiotic Resistance Upon Activitv of Oleandomtcin Combina 
T ioNS Against IIospitvl ^taphvlococci 


VNTIBIOTIC 

NUMBER 

1 OF 1 

1 STRAINS : 

1 OnCIN \L PI^VTB 

1 PFPI 1C \ PLATE 

NO EFFECT 
( PER CFNT) 

\DDITI\E 1 
(PER CENT) 

NO FFIECT 
(PEP CENT) 

ADDITlt E 
(PERCENT) 

1 bipmamvcin 






Tetraejclinc 






‘8u‘.ceptiblc 

10 

0 

100 

10 

90 

Resistant 

20 

90 

10 

90 

10 


Okmdopen (AP) 


Pemcilhn G 


Succeptible 

10 

50 

50 

30 

70 

Resistant 

20 

iO 

25 

70 

30 

3 Fortified oleandopen (APG) 
Penicillin G 

Susceptible 

10 

20 

80 

30 

70 

Resistant 

20 

70 

30 

65 

35 


Note None of the«e combinations pTo\ed antagonistic or s>nergistic 


In Table VII it is shown that oleandomycin had enhanced bacteiiostatic 
and bacteiicidal effects against susceptible staphylococci upon the addition 
of tctiacjcline or penicillin G Additive potentiation was raiely seen with 
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resistant strains. This confirms earlier reports®'’'’ that antibioties in pairs 
have little or no combined effect on bacterial growth if the strain of staiih- 
ylocoeens is resistant to either antibiotic. 

DLSCUaSIOX 

The present studies confirm the fact®'® that erythromycin is much more 
effective than the closely related antibiotic, oleandomycin, in retarding the 
multiplication of staphydoeocci. Jones and Finland® have also shown that 
ciythi-omycin produces greater antistaphyloeoccal activity in the blood of 
human beings after a single oi’al dose. Eiythromycin was far more active 
than any of the oleandomycin combinations, particiilarly if subcultures of 
broth tubes were examined for bactericidal effect. Even in high concentra¬ 
tions oleandomycin failed to kill most strains of hospital staphylococcus. 

Sigmamycin, a mixture of one pail oleandomycin and two parts tetra¬ 
cycline, was more active than either component alone. The potentiation 
measured by^ agar diffusion was additive rather than truly synergistic, as 
claimed by English and associates.’ Furthermore, potentiation was seldom 
seen with strains of staphylococcus resistant to tetracycline, which are now 
frequent in hospitals. 

The oleandomycin salt of penicillin G (oleandopen or AP) was more 
actively bacteriostatic than either oleandomycin or penicillin alone. Again 
the potentiation was additive in behavior rather than truly synergistic. Simi¬ 
lar results were obtained with oleandopen fortified with additional penicillin 
G (APG). In neither case was there enhanced activity against penicillin- 
resistant strains. 

Observations on cross-resistance to erythromycin and oleandomycin in 
hospital staphylococci in general tend to confirm the greater activity of eryth- 
romjmin. One strain of staphylococcus which was naturally eiythromycin- 
resistant, however, was susceptible to oleandomycin. Five strains resistant 
to oleandomymin were inhibited b 3 ’^ eiythromj'cin. Two strains in which 
er.vthrom.vcin resistance was induced became much more resistant to oleando- 
mjmin. Yet after induction of resistance to oleandomycin, erythromycin re- 
.si.stance appeared in onl.v one of the tw'O strains. Others’®’ ” found that 
strains in which oleandomycin resistance was induced w'ere regularlj"- cross- 
resistant to eiythromj'cin. Garrod® showed, on the contrary, that staphylo¬ 
cocci naturalh' resistant to erythromj'cin, although often highlj^ resistant to 
oleandomycin, spiramycin, and other antibiotics of the erjdhromyein group, 
maj' in some cases be resistant onlj' to eiythromj^cin. With the latter type 
of ‘‘dissoeiated” strains, Gari-od® demon.strated that erythromycin in moderate 
concentrations pei-mittcd the staphylococci to grow in the presence of oleando¬ 
mycin. The dissociated .strains were not dependent upon erythromycin but 
growth .stimulation was de])endent upon the concentration of eiythronycin 
in oleandomycin media. 

The present work demon.strated neither antagonism nor .synergism of ac¬ 
tion between erythi-omycin and oleandomycin against either susceptible or 
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lesistaut stiains of staplnloeoccns These t>\o antibiotics fiequenth had addi- 
ti\o .iiitibactcnal actnitj but ^^lth itsistaiit «*tiai!is onh the most actne 
antibiotic ■was eftoetu e, and this usually A\as cij thioim cm 

I’otentiatioii of the bacteuoslatie cftects of olcaiidonncm was seen much 
nioie fiequenth upon tlie addition of bacitracin, chloiamphenicol, and er\"thio 
nnem than with tetiacjcime in these resistant hosintal stiams of staph\lo 
coccus This IS to be expected It is pcitincnt that of 179 strain*; of coagu 
lisepositnc staplnloeoecus isolitod fiom the blood oi infected lesions of 
p itients m this hospital in 1957, the peicent ijrc le&istant to laiions antibiotics 
(disk method) was as follows tctiac>chnc 69, pemeillm 68, stieptonncm GG 
ei\thionncm 28, chloiamphenicol IS, no\obiocm 1, and neomycin 0 6 

PioMous studies® with the same 30 hospital strains used in the present 
woik showed antagonism of the bacteiieidal action of no\obiocin bj se^eial 
commonh used antibiotics The piesent iinestigations re\oaled antagonism 
of tins tspe most fiequenth with Signmmjcin, espocialh in combination with 
oloandopeii (AP) foitified oloaiidopen (APG), and noiobioein Antagonism 
of bacteiicidal actnit\ was faiilj fiequent with olcandomjcm combinations 
paiticularh with \aneonncm and olcandopcn (AP) Antagonism with er^th 
rom^cm combinations was much less fiequent ® 

Antagonism of .mtibactenal effects occuiiod onl} with susceptible stiams 
of stapln lococcus (Table VI) and bcemcd to bo chaiaeteustic of ccitain of 
these eultuies (Table V) Addituc potentiation of antibiotic effects was scon 
frequcntlj ■^''ith susceptible stiams but laiel} with lesistant stiams (Tables 
V, VI and VII) This obsenation docs not suppoit the conclusion of English 
and his group* that SMioigistic potentiation occins with Sigmamjcm against 
losistant staplnloeocci It ma’i be inipoitant that thej used selected stiams 
of staphylococcus and tlioii bioth method of m Mtio monsuiement permits 
a consuloiablo sanation m losults when lepeatod oi compaicd with lesults 
obtained b\ agai diffusion 

SUMM\R\ \ND CONCLUSIONS 

1 Thirty hospital stiams of coagulasc positne hemolytic Stnphi/lococcus 
auteus weie exposed to mdnidual antibiotics of the erythiomycin gioup 
cuthionncm, oleandonncm, olcandopcn (AP), foitified oleandopen (APG), 
and Sigmamjcm These strains A\cie then testeel against pans of all of these 
antibiotics and bacitiacm, chloiamphenicol, tetiac\clme, penicillin, neonricm, 
^aneom}cm, and novobiocin The tube dilution technique was used to mens 
uic hactenostasis by single antibiotics and subcultuie of the clcai tubes to 
measuic bacteiiculal end points The papei stnp ag.u diffusion method was 
used to test the Inetciiostatie effect of antibiotic pans Replica plates were 
piepaied to lecoid the bacteneidal action of antibiotic pans 

2 The most actne dings as nieasuicd In bacteiiostatic effect weie ciyth 
lonncm and Sigmanncin Sigmamjcm was inoie actne than cither of 
its two components, oleandomycin and tetiacyelme The oleandomy cm pcni 
cillin mixtines (AP and APG) woio slighth moic active than oleandomycin 
and much moi e activ e than pemeillm G against these pi odommantlv peni 
cilUn i esistant sti ains 
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3. Tests of the bacterieidal action showed erythromycin to he the nio,st 
active drug in the erythromycin group. Oleandomycin was the least active 
of the antibiotics tested. 

4. Cross-resistance between erythromycin and oleandomycin Avas fi'C- 
quent in erythromycin-resistant staphylococci but the reverse situation Avas 
not frequent. 

5. AdditiA'e potentiation of the bacteriostatic actmty of oleandomycin 
and its mixtures in paired combinations Avith other antibiotics (agar diffusion 
method) appeared most frequentlj’ AA'ith bacitracin, chloramphenicol, eiythro- 
mycin, and, as expected, AA'ith other oleandomycin mixtures. Potentiation of 
the bactericidal actiA'ity (replica plating method) Avas not freqiLent Avith neo¬ 
mycin. Tetracycline Avms less effectiA'c in increasing bactericidal action than 
in enhancing bactei'iostasis. 

6. No instances of true synergism of antibacterial etfects Averc seen Avith 
any of the antibiotic combinations studied. 

7. Antagonism of antiljiotic bacteriostasis Avas rare. Antagonism of 
bactericidal activity occurred more frequently, particularly Avith certain sus¬ 
ceptible strains. One-third of the strains accounted for 82 per cent of the 
instances of antagonism. 

8. Most of the antibiotic interaction, both addition and antagonism, oc¬ 
curred AA'ith the more susceptible strains of staphylococcus. 

Technical as.sistanco in the experiments on cross-resistance to erythromycin and 
oleandomycin was giA’en by Miss Marilyn ,T. Johnson. 
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PANCREATIC ACTION OF THE SULPONYLUEEAS 

Arthur E. Colwell, Jr., M.A., jM.D., and John A. Colwell, M.D. 

Chicago, III. 

T he sulfonylurea compounds are now widely emplo.red in the treatment of 
diabetes mellitus. Tlieir exact influence on carbohydrate metabolism has not 
yet been elucidated. Information concerning the means b.y which these agents 
lower the blood glucose may shed light on the mechanism of pancreatic insulin 
secretion and the nature of diabetes itself. 

Loubatieres and associates' in 1942 began their studies of the hypoglycemic 
action of the isopropylthiodiazole derivative of sulfanilamide and similar drugs, 
and in 1946 suggested its use in diabetic patients.^ In the last 3 years interest 
in this problem has revived, and a wealth of experimental data has accumulated. 
jMany of these articles present only preliminary results or conflicting informa¬ 
tion. Stetten-’ lias recentl.v pointed out certain inconsistencies of the studies re¬ 
ported thus far, and called for a re-evaluation of the problem. It is the purpose 
of this paper to present direct evidence regarding the site of action of these 
drugs, and to review criticall.v the pertinent literature. 

Earlier experiments have been described elsewhere.'''’' Acute operative 
studies have been performed on 59 dogs to determine the consequences of per¬ 
fusing sulfonylurea solutions through the pancreas and liver. The data sup¬ 
port the general consensus that these compounds cause hypoglycemia primarily 
by their influence on the pancreas. A stimulation of insulin release b.y the beta 
cells of the islets of Langerhans is postulated. The exact mode of action 
of the sulfonylureas may remain unlmown until a better understanding is 
gained of the means of sjuithesis, storage, and secretion of insulin. 

JIETHODS 

Animals .—Small amounts of tolbutamide,* carbutamide,t or control substances 
were introduced into the pancreatic artery in 27, into the femoral vein in 17, into 
the hepatic artery in 8, and into the portal vein in 7 dogs. Healthy mongrel animals of 
both so.xe.s weighing between 10 and 25 kilograms consumed a ration containing approximately 
■10 per cent carbohydrate, 35 per cent protein, and 25 per cent fat ad libitum for one week- 
prior to the experiment. They were fasted for IS hours immediately before operation. 

Surpical rroccdiirp .—Animals were anesthetized intravenously by means of 25 mg. of 
Nembutal for each kilogram of body weight. They were maintained in a light plane of 

From the Departnicnt ot Medicine. Northwestern University Medical School. Cliieapro. 111. 
Supported by grant.*! from Eli Lilly & Company and The Upjohn Company. 

Received for puhlic.atlon Aup. 1, 1958. 

•Orina-sp (or l-butyl-3-p-tolylsulfonylurea) : Tlie Upjohn Company. Kalamazoo. Midi. 
tUZ-aa (or l-hiityl-.l-sulfonylurea) ; Eli Lilly & Company. Indianapolis. Iml. 
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ancstliesin uith small sub'«oqiieiit (losej> Total amounts gneu o\er the oxperinicutal i)LriO(l 
ranged from 250 to 9J5 mg. 

In (logs subjected to jinncitatic jwrfusion, the nglit gastroepiploic arteij uns isolated 
and canmilated with a poljctlijlonc inthctcr (Fig 1). The pancreaticoduodenal artcrj was 
identified at its entrance into the jjantreas The test solution was injected at a slow rate in 
a retrograde diiiction bj meins of a constant infusion pump. In this fashion all tlic bodj 
and portions of the head and tail of the pancreas could be perfumed witliout disturbing their 
blood su])pl\ Anatomic dissections following die injection ha\c indicated that approxi 
matelj one tiurd to one half of the pancrc'as is included bj this metliod (Fig 2). Animals 
of the femoral icin group wore subjected to distortion of the pancreatic circulation in order 
to reproduce the suigical sticss obtained in the experimental dogs Pancreatic ducts were 
ligated in 4 animals, and 0 months later the pancreatic arterj injection was performed lu tlic 
manner described aboxe 

Another senes of dogs rccei\ed jierfusion of the Iner \in the hepatic nrterj or portal 
\ein In the former technique, the left l»r.aiicli of the common hepatic arterj was catheter 
licd (Fig 1) so that at least half of the organ eould be perfused without corapletelr in 
terrupting the arterial supplj Portal injection was accomplished bj caimulating a splenic or 
mesenteric tributarj. 

Perfusions —Solutions containing 5 to 10 xng per milliliter of tolbutamide (sodium 
salt) or carbutamidc were adjusted to pH 7 2. Control solutions were identical m o«molaritj 
and pH to experimental solutions but the sulfonjlure.a was omitted In two animals of 
tlio pancrcitic control group, sodium sulfadiazine instead of sulfonjlurcn was employed in 
the same dosage Rato of perfusion \nricd from 0 4 to 0 9 nil per minute and total volume 
from 7 0 to 19 3 ml Duration of perfusion was 20 minute« in nil nnimnls except those 
treated for 90 minutes in a few earlj screening experiments Total amount of sulfonjlurea 
administered oior these periods \aricd between 0 07 and 3.13 Gm Do«ngc of tolbutamide or 
carbutamide was 1 to 71 mg. per Kilogram of bod> weight Table I illustrates that the 
mean dosage, %olume, and perfusion rate of sulfonjlurea were closolj comparable for the 
expel imental and control groups of the different injection «ites 

Samiilcs —Blood spooimeus were withdrawn from the femoral \oiii immcdiatelj prior to 
anesthesia, operation, and perfusion and at inter\als of 10 to 30 minutes following tiio 
beginning of the perfusion for 4 hours Glucose was estimated bj the method of Somogji 
Nelson 7 Free blood sulfonamide was determined in the carbutamide injected animals by 
tlic method of Bratton and Marsliall 8 Estimate of blood concentration was not accomplished 
in the tolbutamide senes In the carbutamide groups, biopsies were taken from the mid 
portion of the head of the pancreas before and after perfusion, fixed in Bourn’s solution 
and 70 per cent alcohol, and stained with aldehjde and fuchsia to demonstrate islet cells. 
Frozen pancreas from some animals was assajed for insulin 9 

RESULTS 

Appraisal of Experimental Piocedure ,—^To justify comparison bet\\een the 
lesiilts of injection of various experimental or control solutions into the dif¬ 
ferent sites, animals must he similar in physical condition, treated in tlie same 
fashion, and show a similar icsponsc to opeiativc stress piior to perfusion. 
Table I gives values for these factois for gioups of animals subjected to the 
diffeient surgical pioceduics It is seen that for the diffeicnt sites in both the 
sulfonyluiea and control gioups, the moan body weight (17.0 to 19 9 Kg.), 
amount of anesthesia (33 3 to 410 mg. per kilogram of body weight), and 
duration of surgery before perfusion (86 to 120 minutes) veic comparable. 
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FIs'. 1.—Arterial supply of tlie dog" pancreas and liver. A polyetliyleno catheter has 
been placed In the right gastroepiploic artery so that pancreatic perfusion can be accomplished 
without interruption of the blood flow through the pancreaticoduodenal artery. Another cathe¬ 
ter in the left liepatlo artery permits perfusion of the liver. 



Fig. d.—Anatomic preparation of the dog pancreas and liver, sliowing the arterial cir¬ 
culation (Fig. 1 ) outlined by metliylenc blue dye Injection. An experimental .solution intro¬ 
duced into the celiac axis is' carried into the body and portions of the iiead and tail of tlie 
pancreas. 
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Anesthesia caused a rise in mean blood glucose wliich was similar for all 
sites of injection.** Fuidlier increment in blood glucose during operation was 
almost tlie same for the 3 major sites.t Tliis latter z’ise was also comparable in 
the sulfonylurea and nonsulfonylurea grouizs for each site (Pigs. 3, 4, and 5). 
Dissection for eannulation of the poifal vein, however, caused a 44 per cent 
elevation in blood glucose. Dogs in which the pancreatic duets had previously 
been ligated showed 31 per cent rise in glucose with dissection of the pan¬ 
creatic artery, apparently tolerating the stress of surgery jzoorly Izecause of 
undernutrition. 



Pig. 3 —Jlean cun’es oE blood plucose followiriR (1) pancreatic perfusion ot tolbutamide 
in a dosafte oE 7 lup. per kiloei'am of body weiKht. or (2) a solution lacking sulfonylurea, 
Tlte ngures in parentlieses refer to tlie number of dogs in cacb group. 


;Most of the hyperglycemia noted prior to perfusion with the different tech¬ 
niques was due to barbiturate anesthesia (average of all dogs, 15 per cent rise 
in blood glucose). There was a further increase witli operation, presumably 
of adrenal cortical or medullary origin, which depended on the type of pro- 
eedurc applied. The reason for the differences in this response for the various 
sites is unknown. Alterations in pancreatic blood flow and disturbance of 
nerve pathways around the portal vein are factors which might be concerned. 
The fasting imposed prior to the operative procedure might have limited the 
capacity of the pancreas to respond to these stresses. 

The question of tlic influence of this hypcrgl.vcemia from operation and 
anesthesia on the subsequent hypoglycemic response to injected agents has a 


•Average increase in blood glucose following Nembutal anesthesia (prior to surgery) 
in all control and experimental dogs for each site of injection was as follows: pancreatic 
artery 20. femoral vein 13, hepatic artery 16. portal vein 5, and pancreatic artery in con¬ 
junction with duct ligation 19 per cent. These averages were calculated from the initial level 
ot blood glucose taken before anesthesia was given. 

•Average further increase in blood glucose during the operative procedure was as 
follows: pancreatic artery I,!, femoral vein 16, hepatic artery 6, portal vein ll, and pancre¬ 
atic artery in conjunction with duct ligation 31 per cent. These averages also wore calculated 
from the initial prcanesthetic level ot blood glucose and represent the furtlier increment be¬ 
yond the ri.se due to anesthesia (see footnote above). 
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\oIume 55 
\ninlrr 5 

(liioct bcaiing on interpictation of tlic data. 01 couKse, use of contiol animals 
subjected to the saiitc stiesscs sliould help answer this objection In addition, 
to detennine whctUei* anesthesia and surgciy miglit block tlie peuphcial effects 
of pancreatic insulin sociction, two animals weic subjected to dissection of the 
pancreatic circulation under Nembutal anesthesia and were then injected 



Fig: 4—Mean cur\es of blood glucose following introduction of tolbutamide (6 dogs) 
or a control solution (4 dogs) into the femoral %em Posage of tolbutamide used (7 mg per 
kilogram of body weight) was identical with that in the experiments depicted m Fig d 



Fig 5—Jlean curve*? of blood glucose after perfu«ion of tolbutamide (5 dogs) or a con¬ 
trol solution (<1 dogs) through the left branch of tfie common hepatic artery Dosage of 
tolbiitaniide used (7 mg per kilogram of bodj weight) was the same as in Figs i and 4 
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intravenously with 0.2 unit of crystalline insulin* per kilogram of body weight. 
An immediate drop in blood glucose oeeurred to a level of 50 per cent of the pre- 
injection value, maximum at 40 minutes (Fig. 6). The same amount of insulin 
given to two unanesthetized, unoperated animals produced only a slightly 
greater and more sustained hypoglycemia. This indicates that a response to 
insulin can be demonstrated under the conditions of the surgical technique em- 
ploj’ed, despite the complicating factors mentioned above. 



Fig-. 6.—^Alean fall in blood glucose from intravenous injection of cr.vstalline insulin in 
a do.sage of 0.2 unit per kilogram of body weight. In 2 anesthetized animals, the pancre¬ 
atic artery had been isolated. Two other animals Avere not subjected to surgery. 

Following perfusion tlic control (nonsulfonylurea) animals exhibited only 
minor differences in response depending on the site of injection utilized. Blood 
glucose returned to its preoperative level promptly in animals of the femoral 
vein and hepatic artery groups (Figs. 4 and 5), whereas it remained somewhat 
elevated in the pancreatic artery dogs (Fig. 3). It is possible that the arterial 
perfusion technique somehow reduced slightly the insulin output of the pan¬ 
creas. There was no correlation in the individual animals of any group be¬ 
tween the degree of preinjection rise and of postinjection fall in blood glucose. 

A definite drop in blood glucose from the preoperative levels failed to occur 
with injection of the control solution into the various blood vessels. Therefore, 
it may be said that the hypoglycemia in the experimental animals was a result 
of the sulfonjdurea and that the manipulative procedure did not contribute to 
it. Comparison of the mean reduction of blood sugar in sulfonamide-injected 
animals with the curves obtained on their own controls seems more valid than 
comparison of results of perfusion at the various sites. 

Pancreatic Artery .—Pilot experiments were performed initially to estab¬ 
lish the blood glucose response to injection of carbutamide into the pancreatic 
arteiy. Dosage ranged between 12 and 71 mg. per kilogram of body weight. 


•Iletin, manufactured by Ell Lilly & Company. Indianapolis. Ind. 
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Tabic II sho^\& tliat tlie maximum li\ pogh ccmia pioducod the diug (2 to 
3 houis attei pcifusion) -vaiied loiighh ^^lth the dosage and the icsulting 
blood sulfoinhuea le^cl The amount of caibutamidc was piogicssneh le 
duced in oidei to obtain the minimum coiicentiation ^\hlch would still pioducc 
Inpoghcemia, pitsumabh b\ a local pancicatic effect AVlien a dosage ot 7 mg 
pel kilogiam ot bod\ ueight was used, pioducnig a ^enous blood sultonjliiica 
lc\cl (2 to 4 mg pci cent) too low foi thciapcutic effect, a fall in blood glucose 
oceuiicd If the same amount of c,ubutamidc was iniectcd into the femoral 
^cln instead of the paneleatic alter^, no such Inpoghcemia was noted ^ AVith 
the exception ot the poital \cin pcifusions, all subsequent cxpciiments utilized 
the same small dose (7 mg pei kilogram) of tolbutamide 

Fig 3 illustiatcs the mean cui\es of change in ^enous blood glucose fol 
lowing perfusion of the pancieatic arten with tolbutamide oi an identical solu 
tion lacking tolbutamide Raw data foi the indnidual cxpciiments aie gnen 
111 Table III Mean blood sugai dioppod appioximatelj 30 per cent fiom the 
pieoperatne -salue in the 6 experimental animals The effect is somewhat gieatei 
if the contiol (nonsulfonjhnca) eunc is used foi a base line of reference 
H>’pogl\comia failed to occui in the 4 control dogs Both gioups showed a 
use in blood glucose witli the sticss of s^uger^ and anesthesia Although 
slighth gicatei in the contiol animals, tins was gcnoinlh compniablc in the two 
groups 

Femoral Vein —Foi the puipose of coinpaiison with the lesults of pan 
cicatic perfusion, 10 animals were subjected to sham opeiation on the aiteual 
ciiculation of the pancieas and then tolbutamide oi a control solution was in¬ 
jected into a fcmoial %ein Results of these studies aio gnen indmdiially in 
Table III, and mean cunes aic shown giaphienlh in Fig 4 Maximum drop 
in blood glucose was somewhat gicatci in the expeiimental dogs (15 per cent) 
than in the contiol gioup (4 pei cent) Howc\er, the diffeience between the 
two curses IS onij half that between the experimental and contiol cunes follow 
iiig pancieatic pei fusion (Fig 3) Making use of the contiol data, analyses 
showed a significant difference between the iespouses foi the femoral ^em and 
pancieatic altel^ gioups* 

Hepatic Aitciy —The same dose (7 mg pci kilogram of bodj weight) of 
tolbutamide (5 dogs) or a contiol solution (3 dogs) was pcifused into the left 
hepatic altcl^ II-Npoghcemia of 20 pci cent occuiicd in the sulfoinhuea m 
jeeted animals (Fig 5), appioxiinatch the same lesponse seen in the fcmoial 
^eln group Contiol dogs m which the hepatic arter\ was pel fused with a 
solution lacking sulfonjluica exhibited little oi no hjpoghcemia The diffei 
ence between the contiol and expeiimental ciu\es was much smaller than the 
1 espouse to injection of the pmereatie artcr\ (Fig 3) The changes following 
pel fusion weic found to he significanth different when the hepatic aiterj and 
pancieatic aiteij data weie compaied * 

•StatisUc-il analyses utllizinjr mean chancres from tlie pjeoperative blood rIucosc Ie\els 
demonstrated a significant difference between \alues for the pancreatic arterj and femoral 
\ein groups Cp<0 01) also between \aIocs for the pancreatic artery and hepatic arterj groups 
{p<0 01) There was no difference between values for the femoral vein and hepatic artery 
groups 
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Table IL Results oe Pekfusion op Cakbutamide Into the Pancreatic Artery 


DOSK 

( mg./kg, ) 

MAXIJIUM FALI. IN 

BLOOD GLUCOSE 
(PEE CENT) 

MAXIMUM FREE VENOUS 
BLOOD SULFONAMIDE 
(MG. PEE cent) 

71 

-49 

15.7 

57 

-3G 


IG 

-45 

6.7 

12 

-2S 

4.1 

7 

-12 

;!.o 


Table 111- Individual Blood Glucose Values in Boos Before and After Perfusion 

Experiaiental Solutions 


BLOOD glucose (MG. PER CENT; 
MINUTES BEFORE OB AFTER BEGINNING OF PERFUSIC 


NO. 1 

j PERFUSION SrrE 1 

1 AGENT I 

-901 

1-10 

1 10 

|20 

1 40 

1 60 

j 90 

|120 

|150 

|180|210| 

S8 

Pancreatic artery 

Tollmtamide 

88 

91 

92 

89 

92 

81 

61 

54 

44 

46 

47 

89 

Pancreatic artery 

Tolbutaniido 

85 

88 

91 

89 

71 

72 

69 

71 

73 

68 

65 

107 

Pancreatic artery 

Tolbutamide 

93 

112 

114 

112 

110 

106 

87 

72 

50 

59 

68 

115 

Pancreatic artery 

Tolbutamide 

82 

98 

103 

104 

101 

96 

88 

83 

73 

71 

78 

117 

Pancreatic artery 

Tolbutamide 

88 

98 

94 

89 

79 

74 

76 

70 

72 

69 

66 

118 

Pancreatic artery 

Tolbutamide 

85 

86 

89 

90 

78 

75 

68 

59 

57 

56 

51 

87 

Pancreatic artery 

Saline 

82 

96 


90 

96 

97 

96 

98 

100 

93 

300 

90 

Pancreatic artery 

Saline 

72 

95 

93 

98 

92 

85 

80 

85 

79 

72 

7S 

120 

Pancreatic artery 

Sulfadiazine 

75 

82 

81 

78 

81 

82 

70 

75 

69 

74 

74 

121 

Pancreatic artery 

Sulfadiazine 

78 

84 

85 

85 

83 

84 

80 

84 

84 

84 

74 

98 

Femoral vein 

Tolbutamide 

92 

111 

122 

121 

115 

112 

102 

84 

66 

62 

58 

105 

Femoral vein 

Tolbutamide 

76 

91 

93 

94 

87 

94 

85 

88 

86 

86 

81 

106 

Femoral vein 

Tolbutamide 

80 

85 

88 

85 

S3 

76 

72 

68 

67 

57 

63 

114 

Femoral v-ein 

Tolbutamide 


81 

84 

SO 

74 

75 

62 

43 

60 

54 

58 

116 

Femoral vein 

Tolbutamide 

71 

83 

83 

79 

73 

65 

67 

61 

68 

69 

69 

119 

Femoral vein 

Tolbutamide 

86 

90 

86 

81 

72 

70 

73 

70 

70 

72 

61 

1^9 

Femoral vein 

Saline 

73 

92 

98 

97 

102 

91 

80 

78 

72 

72 

69 

130 

Femoral vein 

Saline 

84 

104 

103 

101 

100 

96 

88 

88 

88 

92 

89 

131 

Femoral vein 

Saline 

93 

96 

93 

91 

93 

96 

86 

90 

85 

84 

80 

132 

Femoral vein 

Saline 

87 

85 

86 

86 

90 

90 

90 

88 

86 

84 

86 

lOS 

Hepatic arterv 

Tolbut.nnide 

92 

110 

110 

101 

97 

100 

82 

81 

93 

86 

85 

109 

Hepatic artery 

Tolbutamide 

94 

88 

89 

83 

74 

80 

71 

70 

72 

67 

70 

110 

Hepatic artery 

Tolbutamide 

73 

75 

76 

70 

72 

65 

50 

61 

57 

65 

54 


Hepatic artery 

Tolbutamide 

72 

85 

84 

82 

79 

63 

58 

60 

54 

45 

58 

123 

Hepatic artery 

Tolbutamide 

92 

92 

90 

86 

72 

75 

75 

71 

72 

79 

74 

111 

Hepatic arterv 

Saline 

94 

96 

93 

93 

86 

93 

82 

83 

80 

79 

84 

112 

Hepatic artery 

Saline 

100 

106 

111 

111 

114 

105 

99 

100 

86 

90 

92 ; 

125 

Hepatic artery 

Saline 

71 

77 

78 

79 

76 

78 

73 

78 

74 

76 

77 

85 

Portal vein 

Carbutamide 

78 

125 

130 

133 

117 

139 

148 136 

124 

116 

117 ] 

91 

Portal vein 

Carbutamide 

73 

130 

124 

116 

127 

124 

121 

93 

77 

64 

56 

92 

Portal vein 

Carbutamide 

96 

118 

144 

138 

134 

134 

128 

110 

102 

98 

94 

86 

Portal vein 

Saline 

86 

130 

150 

152 

154 

156 

156 

158 

128 

114 102 ] 

133 

Portal vein 

Saline 

85 

85 

85 

85 

86 

83 

85 

80 

80 

78 

71 

136 

Portal vein 

Saline 

78 

96 

88 

88 

79 

93 

78 

74 

78 

69 

78 

137 

Portal vein 

Saline 

83 

130 

130 

123 

in 

105 

89 

83 

75 

75 

79 

124 

Pancreatic artery 

Tolbutamide 

85 

98 

102 

99 

96 

87 

65 

67 

09 

77 

82 

126 

(ducts ligated) 

Tolbutamide 

86 

114 

113 

110 

105 

103 

98 

77 

85 

86 

80 

127 

Pancreatic artery 

Tolbutamide 

83 

91 

85 

94 

87 


81 

68 

68 

65 

67 

128 

(ducts ligated) 

Tolbutamide 

92 

139 

138 

137 

128 

142 

123 

113 

96 

96 

94 
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Compdnwn of liespon'fcs —In oidci to take into account tlic h^pcagljcoinia 
fiom anesthesia, the e\penmcntal ciu\cs ha\e hcen itdiaAMi in Fig 7, using 
the pieanesthetic blood glucose as the basal icIliciicc point It is noted tliat 
subjecting the pancieas to the suUomhuea sohitioji caused a dcbmto h}pog]\ 
cciuia, wlieicas the othci techniques pioduccd little or no leduction in blood 
sugai bclou the picaiicsthctie 1 g\c 1 Thus, no niattci uhcthei the i espouse to 
pci fusion of the CNpcinuental agents is compaied to tlic blood glucose taken 
hefoic 01 aftci anesthesia (uhieh did cause a use in glucose concentiation 
aieiagmg 15 pci cent), the diffoitnccs between the icsnlts of micction at the 
^«Ulous sites aie maintained • 



HOURS 

iTtaT •« «• 

7—Mean chang-e in blooO fflueose calculated from tlie preanesthetic (instead of the pre 
operative) >alue for the 3 major sites of perfusion 

Portal Vein —^IMaiked Inpergljcemia, two oi tliiec times as gieat as that 
observed with otliei opeiatuc proccdiues, occuried when a tiibutaiy of the 
portal vein was cannulated (Fig 8) Unfortimatelj, this effect was somewhat 
less in the contiol (saline) than in the e\perimental (sulfonjlurea) animals, 
and accuiate comparison is therefore impossible However, injection of car 
bntamide (7 mg per kilogram of bod\ weight) into the portal \ein failed to 
produce hjpoglycemia 

Pancreatic Arteiy With Ligation of the Pancreatic Ducts —The excretory 
duets of the pancreas weic ligated in 4 animals Six months latci, the pan 
cieatic aitcn was peifused with tolbutamide (7 mg per kilogiam) bj the 
usual method Again, picopeiatne rise in blood glucose was excessive (Fig 9), 
but hvpoglycemia was obtained Howevei, since control data aie not avail 
able, no conclusions can be diavvn 


'See footnote on page 383 
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Fig S—Mean curves of blood glucose after injection of carbutamidc (3 dogs) or a 
control solution (4 dogs) into a vessel entering the portal vein Dosage of sulfonjlurea used 
(7 mg per kilogram of bodj weight) was the same as m Figs. 3, 4. and 5. 



Fig 9—Mean cuives of blood glucose after injection of tolbutamide into the pancre¬ 
atic arterj in animals with (4 dogs) or without (6 dogs) prior ligation of the pancreatic 
ducts Dosagre of tolbutamide used (7 mg’ per kilogram of body ■i\eight) \Nas the same as in 
Figs 3» 4, 5, and 6 
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Pancreatic Insulin Assaij Biopsies —^Results of anaUses of insulin con 

tent of fiozen paiicieas taken liom some animals aie giien m Table IV Since 
not all spccimeiib ueie ass^^ecl, these data aie incomplete Definite diffeiences 
betueen the lazjous espeiimcntal gioiips ueie not obtained Paneieatie biop 
sies obtained fiom cxpciimcntal and contiol animals iniectecl with caibiitamide 
failed to slioM altoiation in inoipliolo*r\ ot alpha or beta cells 


Table IV Mean Issuriv Content ot PANtKL\s Foliouino PtriusiON of Enpfrimfntm 
AND CONTROI SOHITIONS 


i 


1 DOSI' 

I PINCREATIC INSUl IN 

NO OF i>ors 1 

\rFNT 1 

1 (Mc /KO OP a w ) 

1 ) 


J’anereatfC Artery 


2 

Tollmtaninle 

7 

1 2 

2 

'loll)utanude 

1 

1 8 

2 

TolluUnmule 

1 

2 R 

2 

r irbutatnule 

7 

2 7 

1 

Sihne 


1 0 


Femoral Vetn 


3 

Toll ut-Miuile 

7 

21 

2 

Tolbutamide 

3 

2 0 

4 

Carbutumule 

7 

22 


3*ortal Vetn 


3 

Carliutamute 

7 

1 4 

1 


- 

00 


DISCUSSION 

It uas the intention of these expciimcnts to deteiminc the behaMoi of the 
icnous blood glucose on exposuie of ecitam oigaiis to a lou coneentiation of 
siilfonjUuea It uas hoped that the site of action of these agents could thus be 
localized Fust, moderate amounts (12 to 71 mg poi kilogiam of bod\ weight) 
of caibutamide weie injected into the pancieatic aitcn A minimal dosage 
(7 mg pel kilogiam of bod^ weight) was established which would pioduee 
peiiplieial hjpogljcemn when intiodnccd into tlic paneleas but not when intio 
diieed into the femoial \eui Then the same amount ot tolbutamide was pei 
fused tliiough the panel eas oi li\ei b^ wa\ of the appiopriate blood lessels 
IDpoghceniic lesponse fiom peifusion of the pancieatic arten was significanth 
gieatei than that from peifusion of the femoial \ein or hepatic aiteij This 
diffeiencc was nioie pionounccd if the dcgiee of diop in blood glucose for each 
site ot injection was judged iiom its own contiol ciiive (wheie a solution lacking 
sulfonjluica was emplo\ed) No hypoghcemia was obtained fiom perfusion 
of these contiol solutions The dissimilaiitj between the lesponses was borne 
out fuithei when the alteiation m blood glucose was calculated fiom the pie 
anesthetic instead ot fiom the post anesthetic leiel 

The lesults show that maintaining a low coneentiation of tolbutamide in 
the pancieatic ciiculatiou foi a peiiod of 20 minutes influenced the organ in 
some wai to lowei the peiipheial lenons blood glucose With the dosage em 
plowed, an aierage of 6 mg of tolbutamide was added to the pancieatic ciicula 
tion each minute foi 20 minutes The rate of blood flow thiough the pancieatic 
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artery in the experiments is unknown. If this were postulated to he 10 ml. per 
minute, then a therapeutic concentration (10 mg. per cent) of sulfonylurea in 
the peripheral blood would supply the pancreas with approximately 1 mg. per 
minute. Although the sulfonylurea content of the pancreatic venous blood was 
not measured, it may be assumed that it was considerably greater than that of 
the peripheral circulation. The maximum venous free sulfonamide level in ani¬ 
mals injected with carbutamide (7 mg. per kilogram) was only 3.0 mg. per 
cent (Table II), well below the effective therapeutic level. Concentrations of 
tolbutamide in the pancreatic and peripheral blood were undoubtedly com¬ 
parable to those of carbutamide since the same dosage was administered. In¬ 
jecting the same amount of the agent into the femoral vein or hepatic artery 
failed to produce a similar effect on the blood glucose. 

Curves obtained from perfusion of the arterial circulation to the duct- 
ligated pancreas were inconclusive. Destruction of the acinar tissue did not 
seem to influence the usual hypoglycemic response to tolbutamide injection. The 
opportunity to subject similarly prepared animals to perfusion of solution with¬ 
out sulfonylurea was lacking. E\ddence that the acini are involved in the 
pancreatic action of the sulfonylureas has never been presented. It is felt that 
the suboptimal nutritional state of the dogs, manifested Iw an increased hyper¬ 
glycemic response to stress, may have impaired the usual functional response of 
the pancreas. 

Results obtained from estimation of pancreatic insulin content failed to 
establish any consistent differences between the values for the various sites of 
perfusion (Table IV). However, it is interesting and suggestive that the mean 
values following pancreatic injection bore a rough relation to the amount of 
tolbutamide used. Larger doses of the di-ug seemed to cause a greater fall in 
insulin eoncentration. These data, although incomplete, are compatible with 
the idea that the sulfonylurea compounds lower the blood glucose by stimulat¬ 
ing a release of insulin from the pancreas. 

The technique of arterial perfusion described proved valuable in investigat¬ 
ing pancreatic islet function. Test materials other than the sulfonylureas might 
be injected in a similar manner to assess their influence on the islet cells. 

Liver Perfusion .—A marked hyperglycemia was obtained prior to perfusion 
with carbutamide of the portal circulation via one of its tributaries. There 
was no sign of a peripheral hj^jogbrnemia from exposing the liver to the ear- 
butamide. Moreover, perfusion of tolbutamide (7 mg. per kilogram) into the 
left hepatic artery caused little or no fall in blood glucose from the preopera¬ 
tive level (Pig. 5). These results constitute strong evidence against an hepatic 
action as the primary reason for the peripheral hypoglycemia caused by the 
sulfonylureas. They also indicate that the drugs do not act on the liver to 
cause hjqjoglycemia after leaving the pancreas. The liver maj'^ have a role in 
the blood glucose alteration from these agents, but this function is probably 
secondary to insulin release by the pancreas. 
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A ciitical c\alimtioii ot the cxidonce in the liteiatuie icgraiding: clinical and 
animal G\peiimcnts -^Mth tlic sulfoinliucas hcais out the h\pothosis of a pan 
cicatic site of action Tlic piescncc o! endogenous insulin is neccssan foi the 
lupoghceniic effect Influcncts on othci oigans, notahK the luei and tlnioid 
gland aic also seen, paitieulaih aftci high doses Hepatic cftects aic eompli 
cated and ma^ he dependent on pancieatic function No oigan except the pan 
cicas is essential loi the Inpogheeniic icsponse The agents ha^e no influence 
on blood glucose in the CMSceiated animal‘® It is oui intention to examine 
buefl\ the impoitant data uhich siippoit these geneial statements Table V 
summaiizes salient findings In woikcis inteiestcd in tins pioblem 

.Uhcnal —Neithci the adienal coitcx nor the adicnal medulla needs to 
be a^allablc foi the sulfoinUueas to he cflcctne** ” Total adienalectonn po 
tentiated the fall in blood glucose lollouing the administiation of the com 
pounds, this ^\as not tine altci isolated iemo\al of cithci coitex oi medulla 
Stcioid exciction in the uiine was not alteied b\ caibutamide or tolbutamide 
thclap^ in human beings" “ 

Pitmtaii/ —Following h\popinscetonn, thcie was a normal lesponsc to 
sulfoiuluiea administiation" * 

I'hijioul —Although dcpicssion of tlnioid ncti\it\ ns mcasiued b\ the la 
dioactne iodine uptake and blood piotcin bound iodine level has been dc 
sciibed aftei largo doses*® oidinai’j thenpeutic amounts had no such effect® 

Liter —Picscncc of the li\ci is not essential to obtain a blood glucose le 
spouse from the sulfoinliucasGlucose output fiom the li\oi is leduccd,'’* 
but attempts to link this phenomenon witli inhibition of specific enznne s^ stems 
have been fiuitless The ghcohtic enzMiies phosphonlaso and glucose 6 phos 
phataso ha\c been studied extensneh, and the consensus is that neither is sig 
iiificanth affected with the doses commoiih used Glucagon and epinephrine 
In-pcighcemia picsumabh mediated tiuough the phosphoi^lase s^stem, is not 
alteied b\ the sulfoinliucas'’ Changes in li\ei ghcogon aio %aiiable de 
pending on the cxpoiimental procedme and dosage used® iMusk^ s eall^ 

obsei\ations that “insuliiiasc” is inhibitctP* ha\e been contiadicted otheis 
cmplojing smallci amounts of the diugs^* The late of degradation of in 
sulin tagged witli 1“^ is not alteied®*’ Although the sulfonamides ma^ antag 
onize ceitain inhibitois of insulin, theie is no pioot that this is lelatcd to then 
Inpoghcemic effect 

The majoi action of the suUomlmeas on the luci appears to be the dc 
picssion of glucose output 'Whcthci this is piimai} oi secondai\ to insulin 
stimulation has not been deteimined High concentiations of the dings maA 
pioducc nons 2 )ocifie enzMno inliibiton effects, some of wJacli ma-v be icsponsible 
foi leducing liepatic glucose mamifactiuc None of these has been dcmonstiated 
to prcxail at lensonahlc dosages oi to account foi the kill in pciiplieial blood 
glucose 
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artery in the experiments is unknoAvn. If this were postulated to be 10 ml. per 
minute, then a therapeutic concentration (10 mg. per cent) of SAilfonylurea in 
the peripheral blood Avould supply the pancreas with aijproximately 1 mg. per 
minute. Although the sulfonyliirea content of the pancreatic venous blood was 
not measured, it may be assumed that it Avas considerably greater than that of 
the peripheral circulation. The maximum A’^cnous free sulfonamide level in ani¬ 
mals injected Avith carbutamide (7 mg. i)cr kilogram) Avas onij’ 3.0 mg. pei’ 
cent (Table II), Avell beloAV the effective therapeutic level. Concentrations of 
tolbutamide in the pancreatic and peripheral blood Avere vindoubtedly com¬ 
parable to those of carbutamide since the same dosage Avas administered. In¬ 
jecting the same amount of the agent into the femoral vein or hepatic artery 
failed to produce a similar effect on the blood glucose. 

Curves obtained from perfusion of the arterial circulation to the duct- 
ligated pancreas Avere inconcluswe. Destruction of the acinar tissue did not 
seem to influence the usual hypoglycemic response to tolbutamide injection. The 
opportunity to subject similarly prepared animals to perfusion of solution Avith- 
out sulfonylurea Avas lacking. EAudence that the acini are involved in the 
pancreatic action of the sulfonylureas has ncA-er been presented. It is felt that 
the suboptimal nutritional state of the dogs, manifested by an increased h.ATAer- 
glycemic response to stress, may haA'e impaired the usual functional response of 
the pancreas. 

Eesults obtained from estimation of pancreatic insulin content failed to 
establish any consistent differences betAveen the values for the various sites of 
perfusion (Table IV). IIoAvever, it is interesting and suggestive that the mean 
values folloAving pancreatic injection bore a rough relation to the amount of 
tolbutamide used. Larger doses of the dimg seemed to cause a greater fall in 
insulin concentration. These data, although incomplete, are compatible AAUth 
the idea that the sulfonylurea compounds loAvcr the blood glucose by stimulat¬ 
ing a release of insulin from the pancreas. 

The technique of arterial perfusion described proved valuable in investigat¬ 
ing pancreatic islet function. Test materials other than the sulfonylureas might 
be injected in a similar manner to assess their influence on the islet cells. 

Liver Perfusion .—A marked hyperglycemia Avas obtained prior to perfusion 
with carbutamide of the portal circulation via one of its tributaries. There 
Avas no sign of a peripheral hjTpoglycemia from exposing the liver to the car¬ 
butamide. MoreoA^er, perfusion of tolbutamide (7 mg. per kilogram) into the 
left hepatic artery caused little or no fall in blood glucose from the preopera¬ 
tive level (Pig. 5). These results constitute strong evidence against an hepatic 
action as the primary reason for the peripheral hyiAoglycemia caused by the 
sulfonylureas. They also indicate that the drugs do not act on the liver to 
cause hjiAGglycemia after leaving the pancreas. The liver may have a role in 
the blood glucose alteration from these agents, but this function is probably 
secondary to insulin release by the pancreas. 
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iieciosis, In popiothiombinemia, and heinoiiliagc lunc been desciibcd lu dcpan 
cicatized dogs^® Tins ma^ be related to the niitiitional deficiencies that oc 
cm \\hcn tlicie is loss ot the digestne functions of the pancieas 

Pancicas —The sulfoinlmcas aie iiicffcetuc m totall} depancieatized am 
nnils " ” II^pogl^cemlc lesponse to the compounds is noiinal in partially pan 
cicatcctoini/ed man That the alphi cells of the islets oi then function of 
claboiating glucagon aic not iinohcd is shoun bj the lack of effect m alloxan 
diabetes^ the absence of am nioiphologic damage to the alpha cells after 
01 al administiation,'’® and the failmc ot the sulfonamides to influence the 
hj’pciglj ceimc icsponsc to injected glucagon 

runctiomng beta cells must be a\aiHblc for a icsponsc to occur Theie is 
a high coiiclation between the amount of insulin cxtiactablc fiom the human 
pancieas and the occuuence of a decline in blood glucose as a lesult of adminis 
tiation ot the sulfomlmcas ■** Patients with jinenile diabetes, known to ex 
hibit a low paiicieatic insulin content, aie largeh muesponsne except earlj in 
the comsc of then disease^'’ Ashwoith and Haist’s" obsci\ation that an in 
cicase in islet ^olume and weight occuis after siilfoinlmea administration is 
consistent with the Inpothesis of a stimulus to insulin scciction Experiments 
on cross circuhtion also suppoU this concept ** Dcgianulation of beta cells has 
been obsened after prolonged treatment,^® but whethci this lepicsents insulin 
stimulation oi functional rest is difficult to decide Toxic doses cause a reduc 
tion in pancreatic insulin content m the expciimcntal animal, but theiapcutic 
doses do not® Von Holt and associates*® ha\e dcmonstiated a use in plasma 
insulin in acute experiments on lats Goetz and EgdahP® icecntlj found that 
tolbutamide pioduced an increase m insulin output into tlie pancreatic \ein 
To date, there is no convincing evidence that these compounds cause an “ex 
haustion” of pancieatic islet cells bv means of icpeated stimulation of insulin 
lelcase 

Despite the evidence cited favoiing an action of the sulfonvluicas involving 
insulin svnthesis or lelease, the usual metabolic effects of injected insulin are 
stiangclv lacking That the noimal patient develops a stiikmg hjpoglycemia 
and the diabetic a lessci iespouse is agiccd Two well contioiled studies show a 
decicase in blood potassium and phosphorus similai to that following insulin 
The depiession of phosphonis aftci insulin injection implies entry of glu 
cosc in the cell, jet, "NVick and cowoikeis®® were unable to show in evisceiated 
animals that the sulfonj lureas cause an incicascd intracellular transfer of glu 
cosc There aie, also, othei contradictoiv data Goetz and associates^® and 
^ladison and Unger®® found that tlie sulfonvluieas cause an inci eased arterio 
V cnous glucose difference, again imph ing cellular entrj of glucose Purnell and 
CO workeis,'”’ with equallj well eontiolled experiments, were unable to demon 
stiate such an effect jMuscle and liver glvcogen data aic particular!} confus 
mg, with results reported which are diametrically opposed® ®‘ 

Undoubted!} variations in technique plaj a large role in the glycogen evidence 
Dulm and Johnston"® found tint the} could produce hjqioglvcemia b} means of 
small intravenous doses of insulin without alteration in livei gl}cogen, an effect 
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comparable to that of tolbutamide. Tolbutamide was found to lower blood 
ketones and plasma unesterified fatty acids in diabetic patients."’- However, 
evidence regarding fat metabolism is largely inadequate. Ilennes and asso¬ 
ciates” described a fall in blood p.yruvate immediately following tolbutamide 
administration, in contrast to the early rise after insulin. Using insulin doses 
calculated to produce the same hypoglycemic effect as the sulfonylureas. Miller 
and his co-workers"^ were unable to demonstrate any difference in pyruvate re¬ 
sponse. If the agents stimulate insulin release, one might expect an increased 
oxidation of glucose by the peripheral tissues. Miller and associates”^ were 
able to show this by carbon labeling, but Wick and associates^® were imable to do 
so. Insulin effects ■which could not be demonstrated employing the sulfonylureas 
include correction of negative niti’ogcn balance,'* increase of respiratory (quo¬ 
tient,”” improvement in glucose tolerance,®' and increased glucose uptake bj* 
muscle®®’ ®®’ and adipose tissue.”' Certainly, the compounds are not truly 
antidiabetic since thej" fail fo correct the metabolic abnormalities resulting from 
insulin deficiency. Indeed, this fact mitigates against our hypothesis tliat they 
cause hypoglycemia by releasing pancreatic insulin. 

The data presented in this article, as well as the evidence cited, favor a 
primary influence of the sulfonylurea compounds on the pancreas. Introducing 
a very small amount of tolbutamide (average, 6 mg. per minute for 20 minutes) 
into the pancreas provoked a hypoglycemic effect, whereas injection of the same 
dose into the liver or a peripheral vein did not. Urgoiti in Iloussay’s labora¬ 
tory injected larger dosages of tolbutamide into the pancreatic artery by a 
different technique and was unable to demonstrate definitely a stimulating ef¬ 
fect.”® However, a greater drop in blood glucose was found with pancreatic 
artery injection than with saphenous or portal vein injection (not statistically 
significant). Loubatieres”® produced hj-poglycemia by injection of the isopro- 
pylthiodiazole derivative of sulfanilamide (40 mg. per kilogram of body weight) 
into the pancreatic artery or pancreatic duct. 

It is our view that tolbutamide or carbutamide in the pancreatic arterial 
blood cause insulin to be released in a slow, sustained fashion from the beta cells 
of the islets into the pancreatic vein so that there is a reduction in hepatic and 
therefore peripheral venous blood glucose. Some of the contradictions in the 
experiments mentioned might be explained by the timing, dosages, and species 
differences involved. It may be impossible to demonstrate the peripheral effects 
of insulin on tissue or muscle by present techniques if small amounts are re¬ 
leased slowly by the pancreas. 


SUMMARY 

Site of action of the sulfonylureas was investigated by injecting solutions 
of the compounds into the blood vessels supplying the pancreas and liver. Per¬ 
fusion of the pancreas via its arterial circulation with a small amount of tol¬ 
butamide in the anesthetized dog caused moderate hypoglycemia. Little or no 
such effect was obtained when the femoral vein or hepatic artei’y was per¬ 
fused with the same amount (7 mg. per kilogram of body weight) of the drug. 
Mean response of the pancreatic artery group was significantlj^ different from 
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tlioso of tlic fcmoial \eiii oi Iicpatic «uttn gioups The pnman importance 
ot the li\ei 111 t)u' Ksjionse ^\as fmthci icfiitcd h\ a laek ot lnpo"hcemia 
followiii" iniection ot carbutaninlc mio the poital \cin Althonp:li libation of 
the pancieatic ducts failed to ino\eiit the h^pojrhcemic lespoiise to sultoinl 
uiea intioduccd into tlie pancieatic ciiculation, no conclusions nia\ be dla^^n 
icjraiding' an acinai lolc because of absence of control infoiniation Theie ^\as 
no altoiatioii in nioiphologj of alpha oi beta cells following peifusion of the 
main pancieatic aiten with eaibutaimde 

The impoitaiit hteiatuic beaiing on the {picstion of the mechanism of ac 
tion of those compounds is loxiewcd, and the natuie ot their inhuencc on the 
pancicas is discussed The data suppoit the idea that the sulfonjluiea com 
pounds cause a dcciease in blood glucose h\ \iituc of tlieii effect on the pan 
cicatic islets These e\peinncnts tend to establish the usefulness of the tcch 
nique ot pancieatic perfusion foi ostiniatiiig the effect of ^anous substances on 
islet function 

Ate ^\Jsh to thank Dr A\ laiiic^ Kulil for In'* out in the C'tinintion of blood glucose 
and ^ulfonaniaU, Profe^'^or AA StanUi Hnrtroft for unparing and reriewjnp; the hi** 
tologic material, and Dr C Kucther for his as^ai of pancreatic insulin Dr Allen 

Leui kuidU 'iubjected the data to statistical aiiansis Arr«> Ilulda Rut) and lira 

Atnr^ Baker ofTered technical n^^iatance 
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THE EFFECT OF PREDNISONE AND AMPIIENONE ON FLUID AND 
ELECTROLYTE BALANCE AND ON ALDOSTERONE EXCRETION 
OF PATIENTS WITH CIRRHOSIS AND ASCITES 

Jajies M. Stormont, M.D., Jean Ckabbe, M.D.,^ Bernhard Fast, il.D.,'* 
Stanley J. AVolfe, M.D.,*-*® and Charles S. Davidson, AI.D. 

Boston, Mass. 

T he accumulation of ascites and edema by patients with ehronic liver disease 
is associated with a low sodium content of urine, sweat, and feces,and 
adrenal hormones have been held responsible in part for this phenomenon. 
Recent observations have given added support to this hypothesis. Aldoster¬ 
one, a iiotent salt-retaining hormone isolated from adrenal venous blood,'' 
is excreted in excessive amounts by patients with cirrhosis and ascites.''”® 
Moz'eover, bilateral adrenalectomy has been performed for treatment of 
rapidly accumulating ascites in human beings with cirrhosis,®’ ” although this 
seems a formidable procedure when rigid sodium restriction alone will halt 
further ascites formation.*’ -• '* 

Amphenonet*®’ inhibits adrenal cortical steroid secretion in animals and 
man.*'*'*® The clinical usefulness of this compound is hampered by its toxic 
effects (i.e., skin rash, drowsiness, gastrointestinal symptoms, methemo¬ 
globinemia, and impaired liver function tests). Howevei’, Renold and asso¬ 
ciates*® have found only mild toxic manifestations in man when Amphenone 
was given for only a short time. 

To help elucidate the role of adrenal cortical steroids in the pathogenesis 
of sodium retention as observed in cirrhosis with ascites, Amphenone was 
given to inhibit steroid production. The untoward side effects of this drug 
and the potential hazard of adrenal insufficiency necessitated the eoadminis- 
tration of prednisone which provided the opportunity to evaluate its diuretic 
properties. Thus, prednisone and Amphenone were administered to a selected 
group of patients resistant to standard diuretic therapy. The effect of these 
drugs on fluid balance and on urine sodium and aldosterone excretion was 
studied. 
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AIVTFRIVLS VND AIFTHODS 

ien patients AMtli documcntcel cirrhosis complicated bj ascites and edema were sc 
lectcd for stud\ The croup comprised of 7 men and 3 women, aged 40 to 67 \ears, ^ho 
iiero resistant to diuretic therapy ■nith salt restriction and mercurials Diagnosis was 
established bi histon, physical examination, and lnborntor\ studies in each case In 7 
instances, confirmatori histologic cxidencc was also n\ailnble Nine patients ga\e a 
hlstor^ of chronic alcoholism and poor diet for from 6 to 40 3 ears, and the remaining 
patient (Case 7) had cirrhosis of midetemiined etiolog> confirmed b\ liier biopsi A 
histori of prcMous laundici., i\hich seemed related to acute hepatic decompensation of 
tho alcoholic, was elieitcd m 2 jiatients Ascites had been present continuoush for from 
2 to 18 months prior to stud^, although 7 patients had had persistent ascites of onlj 3 
months’ duration or less Ihrce patients had preMousli had paracenteses and 3 ga\e a 
history of intermittent ascites o\er a 1 to 6 3 ear period All patients showed eiidence 
of poor nutrition, se\cre wasting was present in 6 , while 2 were obese Ascites was se^ere 
m all cases Case 10 showed signs of mild cnrdiorespiiaton insufticienc 3 which was 
relicied as ascites impro\cd Accurate estimation of li\er and spleen size was preaented 
bi ascites \ ra> examination of the esophagus did not re%eal varices in an} patient 
however, 7 had enlarged abdominal collateral veins and 4 had hemorrhoids A historv 
of recent impending hepatic coma was present in 3 cases (Cases 4, 8 , and 10), and Case 1 
had arteriosclerotic heart disease with atrial fibrillation, which was well stabilized with 
maintenance digitalis throughout the studv 

All patients were ambulatorv on the Thorndike metabolic word and were maintained 
on a constant diet suppl 3 ing 10 mLq or less of sodium, approximate!} 100 mEq of potas 
Slum, 50 to 80 6 m of protein, and at least 2,200 calories dailv as calculated from standard 
tables'’^ Direct analvsis of a dnih diet was performed on 2 occasions revealing 4G and 
4 9 mEq of sodium, 109 and 100 mEq of potassium, and 9 5 and 11 3 Gm of nitrogen 
for Cases 9 and 10, respective!} Fluids were allowed ad libitum, except for Cases 5 
and 6 who were restricted to 1,600 ml and 2,000 ml per da}, rcspectiveh The studies 
were made during cool weather in all but 3 patients (Cases 1, 2, and 3), minimizing van 
ations in skin losses of sodium and water Fecal and sweat losses of sodium were as 
sumed to be 8 to 10 mEq per davii and the remaining insensible fluid loss to be 800 to 
1,000 ml per day No patient experienced diarrhea or vomiting during the studv 

The patients were weighed at the same time each da} Bail} fluid intake was re 
corded Total 24 hour urine output was measured and dailv aliquots taken for deter 
mination of sodium, potassium, chloride, and nitrogen In selected cases samples were 
saved for aldosterone determination, and a sample was frozen for osmolalit} measure 
ments Blood specimens were obtained from an antecubital or femoral vein without stasis 
Determinations of liematocrit, serum potassium, sodium, chloride, albumin, nonprotein 
nitrogen, and bilirubin were made before each change in therapy and at other indicated 
times Dail} clinical evaluations were made and recorded 

"Methods used in this laborator} for the above determinations have been previouslv 
rocorded, 2 i "2 with the exception of serum albumin, which was measured by the method 
of Kutstein and associates "s Total solute concentration in urine and serum was measured 
b} freezing point depression using a Fiskc osmometer, and results arc recorded as osmolal 
concentrations 

Unnar} aldosterone excretion was measured by a modification”! of the Nehor and 
Wettstein method ”5 Unconjugated aldosterone is known to be easil} de 3 tro}ed when ex 
posed to strongl} acid conditions”® Thus, in view of the possibilit} that impaired liver 
function might result in defective conjugation of aldosterone, all but 3 urine specimens 
were extracted twice ( 1 ) within one hour after acidification to pll 1 (this fraction is 
designated “free” aldosterone), and (2) again 4S hours later (this fraction is designated 
“conjugated” aldosterone) The combined extraction, performed on 6 urines of patients 
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Table I. Metabolic Balance Stuuies in 10 Patients With Cirrhosis and Ascites 


PATIENT, AGE, SEX, 
WEIGHT AND 

DATE 

DAY 

OF 

STUDY 

PERIOD 

OF 

STUDY*i 

JdEAN 

WEIGHT 

CHANGE 
PER DAY 
(KG.) 

SODIUM 

(mEq.) 

MEAN 

POTAS¬ 

SIUM 

(mEq.) 

24 HR. 1 

CHLO- 1 
RIDE 

(mEq.) 

URINE 

NITRO¬ 

GEN 

(GM.) 

VOLUSIE 

(ML.) 

MEAN 
24 HR. 
FLUID 

INTAKE 

(ML.) 

1. 62, M 

1-6 

I 

-O.I 

2 

58 

28 


1,173 


79.6 Kg. 

7-9 

II 

-0.06 

5 

74 

24 


1,536 


8/18/56 

10-12 

III 

+0.2 

13 

58 

51 

_ 

944 



13-15 

IV 

-0.46 

49 

116 

101 


1,830 



16-17 

V 

+0.3 

2 

30 

35 

— 

1,180 

— 

2. 40, M 

1-6 

I 

-0.26 

5 

28 

24 


896 


105 Kg. 

7-9 

II 

-0.33 

1 

50 

7 

_ 

1,326 

_ 

8/11/56 

10-12 

III 

-0.33 

1 

69 

14 

_ 

2,298 

_ 


13-16 

IV 

-0.30 

1 

78 

19 

_ 

2,402 

_ 


17-18 

V 

-0.55 

44 

101 

8 

_ 

1,670 

_ 


26-32 

Ila 

-0.2 

1 

68 

24 

— 

1,981 

— 

3.' 67, M 

1-6 

I 

+0.28 

1 

30 

6 


830 

2,116 

72 Kg. 

7 

A 

-0.5 

1 

32 

2 

_ 

390 

2,135 

9/6/56 

8-10 

II 

-0.9 

7 

77 

16 

_ 

1,360 

1,758 


11-14 

III 

-0.25 

25 

84 

57 

_ 

991 

2,000 


15-18 

IV 

-0.5 

12 

48 

34 


681 

1,880 


19-25 

V 

+0.29 

10 

36 

_ 

_ 

587 

1,670 


26-30 

Ila 

-0.18 

1 

23 

3 

_ 

765 

1,877 


31-35 

Va 

-0.1 

1 

36 

o 

— 

617 

1,851 

4. 42, F 

1-7 

I 

+0.01 

1 

18 

3 


418 

1,444 

47 Kg. 

8-15 

II 

+0.13 

1 

24 

5 

'e’i 

899 

1,686 

10/11/56 

16-21 

V 

-0.12 

55 

54 

30 

4.8 

962 

1,949 


22-25 

Vb 

+0.17 

1 

30 

2 

5.0 

735 

1,615 

5. 46, M 

1-7 

I 

-0.05 

1 

20 

4 

3.4 

516 

1,648 

62 Kg. 

8-16 

II 

-0.41 

33 

35 

33 

4.8 

971 

1,596 

10/31/56 

17-22 

V 

-0.29 

45 

36 

38 

3.1 

840 

1,600 

6. 42, F 

1-5 

I 

-0,00 

12 

63 

16 

3.8 

1,445 

1,985 

64 Kg. 

6-17 

II 

-0.42 

61 

71 

67 

5.4 

2,069 

2,091 

1/14/57 

18-26 

V 

-0.23 

44 

57 

52 


2,141 

2,000 

7. 63, F 

1-7 

I 

+0.26 

2 

39 

10 

4.6 

1,115 

2,214 

64 Kg. 

8-17 

II 

-0.02 

14 

40 

19 

4.5 

1,566 

2,704 

1/26/57 

18-20 

III 

-0.17 

35 

41 

50 

5.1 

1,540 

2,813 


21-26 

IV 

+0.05 

18 

44 

47 

6.4 

1,512 

2,650 


27-37 

IVc 

+0.06 

3 

43 

12 

5.3 

1,400 

2,644 


38-42 

V 

+0.16 

1 

38 

38 


966 

2,640 

8. 42, M 

1-6 

I 

+0.03 

7 

28 

45 

— 

988 

2,080 

63 Kg. 

7-14 

II 

-0.01 

1 

35 

IS 

_ 

1,384 

2,105 

2/7/57 

15-18 

III 

-0.25 

29 

56 

38 

_ 

1,490 

2,485 


19-20 

IV 

-0.7 

36 

61 

47 

— 

1,030 

1,870 

9. 40, M 

1-6 

I 

+0.36 

o 

54 

24 

4.9 

783 

1,555 

81 Kg. 

7-17 

II 

-0.64 

68 

111 

101 

7.7 

1,966 

1,719 

3/1/57 

18-23 

III 

-0.81 

67 

114 

129 

7.0 

2,001 

2,001 


24-30 

IV 

+0.05 

4 

96 

26 

8.9 

1,346 

1,825 


31-36 

V 

+0.07 

1 

89 

22 

8.7 

859 

1,441 

10. 42, M 

1-10 

i I 

+0.02 

2 

43 

21 

5.6 

523 

2,323 

92 Kg. 

11-17 

II 

-0.00 

1 

84 

6 

7.7 

947 

2,212 

3/15/57 

18-24 

III 

-0.75 

105 

92 

99 

9.5 

1,712 

2,046 


25-31 

IV 

-0.2 

15 

102 

16 

8.5 

744 

1,938 


32-34 V 

+0.5 

1 

92 

2 

7.5 

530 

2,218 


Note; The data recorded for each period represent the average of serial 24-hour determinations. 
•Period I = control (mercurial diuretics ivere given) : Period 11 = prednisone administration; 
Period III = prednisone and Amphenone administration: Period IV = prednisone admini-stration; 
Period V = final control (mercurial diuretics tvere given) ; Period A = Amphenone administration. 
See text for dosage. 

ta = repeat study; b= no mercurial diuretic given; c = additjon of mercurial diuretics 
every third day; In the other studies mercurials were given during Periods I and V only. 
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Without cirrhosi'i, re\ealed a mean ratio for “free” to total (“free’ plus “conjugated”) 
of 20 per cent ranging from 1 to 40 per cent (Table III) To check for puntj of measured 
aldosterone, se\cral aliquots of the samples containing aldosterone at the end of the pro 
cedure"** ^^ere chromatographed on the “E B” sjstem of Eberlein and Bongiovanni 27 
From this it appeared that most of the samples examined did not contain am of the con 
taminants found bj Koi\ac/)nski and nssociates** (labeled p in Table III) The small 
amounts of contaminating material found in the few remaining cases (labeled c in Table 
III) did not interfere with the final quantitative reaction used for aldosterone, as tliej 
did not immediately reduce blue tetrazohum 

Prednisone was given before, during, and after Amphenone All patients received 
30 mg per dav, with the exception of Cases 1 and 2 who received 50 mg per day Seven 
patients received Amphenone while 3 others received prednisone alone The average dailv 
dose of Amphenone was as follows Case 8, 3 1 Gm , Case 0, 3 6 Gm , Case 3, 4 5 Gm , 
Case 2, 5 Gm , Case 1, 5 6 Grn , Case 10, 5 6 Gm , and Case 7, 6 0 Gm 

The studv was divided into 5 periods Period I, control (no medication except 
mercurials), 5 to 10 days, Period II, prednisone, 3 to 32 days, Period III, prednisone and 
Amphenone, 3 to 7 days, Period IV, final prednisone, 3 to 7 days, and Period V, final con 
trol (no medication except mercurials), 2 to 7 days Afercaptomenn sodium was given 
once or twice to all patients except Case 0 during Period I and again during Period V 
Case 8 left the hospital against advice while receiving prednisone without a final con 
trol period Four patients received a second course of prednisone at a later date Some 
of the data on Cases 1, 2, 3, 7, 8, and 10 arc included in previous reports from tins lab 
oratorv '’2 


RF8ULTS 

Metnhohe Balance Studies —Daih results ha\c boon a5craged for each 
period and aic shown in Table I The balances aie appio\imate, as stool and 
insensible losses weie not mcasuicd (See Matenals and Methods ) 

A Period I, control (no uicdicafion except utcrciinnl diuretics^* Only 
slight changes in weight, sodium, potassium, oi watei balance were found 
during this peiiod Weight loss was small and consideied insignificant The 
gieatest weight loss, an aveiage of 022 Kg poi day in Case 2, lesulted fiom a 
2 Kg loss m lesponso to meicuiinl iniection Small weight gams were noted 
in T patients Mean daily uime sodium was 3 9 inEq per day, and e\chuling 
meiciuial lesponses was 1 9 inEq pci day A\ciage uimc volumes wcie less 
than 1,000 ml pei day foi 7 of 10 patients, and between 1,000 and 1,500 ml 
foi the lemaming 3 

B Period II, prednisone During this pciiod a weight loss greater than 
025 Kg pei day' occuiied in 5 of 10 patients (Cases 2, 3, 5, fi, and 9), varying 
fiom 1 Kg m 3 days (Case 2) to 7 1 Kg in 11 days (Case 9) All patients 
showed an inciease in average unne volume of 350 ml per day oi moie (Fig 
3) A decrease of estimated watei balance greatei than 350 ml pei day oc 
eui led m fi of 8 patients (Cases 3, 5, G, 8, 9, and 10) 

Fluid mtahe data vveie incomplete for Cases 1 and 2 A modeiatc in 
ciease of fluid intake occuned only in Cases 4 and 7 (Table I), although only 
Cases 5 and fi weie lestncted in fluid intake Unne volume hoie no lelation 
to uiine sodium concentration, except that the 2 patients with volume 
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increases of over 600 ml. per daj^ (Cases 6 and 9) also excreted the greatest 
amount of sodium. 

A brisk sodium diuresis occurred in 3 of 10 patients (Case 5, 33 inEq. per 
day; Case 6, 61 niEq. per day; Case 9, 68 niEq. per day), and 3 others showed 
small but definite increases of sodium excretion (Case 1, 5 mEq. per day; 


CONTROL PREDNISONE CONTROL PREDNISONE 



URINE SODIUM mEq/'24hrs. URINE VOLUME mL/E4hrs 

Figr. 1 .—Changes in urine volume and urine sodium excretion of 10 patients with cirrhosis and 
ascites during prednisone administration. 

Case 3, 7 mEq. per day; Case 7, 14 niEq. per day). The other 4 patients con¬ 
tinued to excrete less than one mEq. per day (Fig. 1). Case 2 was the only 
patient to lose weight without increasing urine sodium. Sodium and water 
diuresis began from 1 to 4 days after initiation of prednisone, with the maxi¬ 
mum effect between the fourth and tenth days. Patient 9 exhibited the most 
marked diuresis in response to prednisone (Fig. 3). It should be noted that 
Case 3, the first patient studied, received Amphenone alone on the day prior 
to the administration of prednisone, and during a later course of prednisone 
alone he failed to show a natriuresis, so that the effect observed during Period 
II may have been related to Amphenone administration. An increase in urine 
sodium can thus be attriljuted to prednisone in 5 of 10 patients, with a elini- 
cally significant loss in 3. 

Increases in potassmm excretion greater than 25 mEq. per daj'^ occurred 
only in Cases 9 and 10. Correction of potassium excretion using the changes 
in uidne nitrogen® showed that the increased urine potassium in these 2 

*The figures for daily urine potassium excretion were corrected for prednisone-induccLl 
cellular catabolism in the following manner. The increase in urine nitrogen (in grams) during 
the prednisone period multiplied by 2.7 was assumed to be equal to potassium (expressed as 
milliequivalents) from cellular breakdown. 
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patients A\as moie than could be accounted for bj increased cellulai catabolism 
Average urine solute concentration rose in some instances and fell m others 
vith no 1 elation to urine \olume (Tabic II) 

Table II Mcan Urine and Serum Solutes Followisc Predmsonl Admi\istr\.tio\ 


patient 

I ERIOD OI 
STUD\ 

1 URINE 1 

1 SEPUM 

\OLUMl 
(ill /24 HR ) 

SODIUM 

(mEq /24 HR ) 

1 SOIUTES 

1 (MOSM /I ) 

SODIUM 1 

(mEq/l) I 

SOLUTES 
(mOsm /L ) 

5 

I 

516 

1 

243 

127 

273 


II 

970 

Tl 

326 

138 

284 

n 

I 

1,443 

12 

255 

142 

277 


II 

2,069 

61 

239 

140 

290 

q 

I 

781 

2 

_ 

135 

288 


II 

1 960 

68 

_ 

139 

296 

7 

I 

1,115 

2 

245 

135 

284 


II 

1,566 

14 

252 

136 

291 

a 

I 

988 

7 

_ 

132 

274 


II 

1 3S4 

1 

_ 

138 

288 

10 

I 

521 

2 

492 

131 

285 


II 

947 

1 

480 

134 

294 


Note The urine data recorded for each period represent an a\erag-e of serial 2-4 hour 
determinations ^\h^e the 'lerum data repre«5ent the last cletcrminatlon during the period 


C Penod III, Amplienone and picdnxsone Dunng Amphenone admmis 
tiation 4 of 7 patients showed weight loss of fiom 017 to 0 75 Kg per da^ 
and an ineicase in urine sodium c\cietioii of fiom 18 to 104 inEq per daj 
Case 2 continued to e\cictc loss than 1 mEq of sodium pei daj while losing 
weight, and Case 1 inci eased sodium e\cietion slightly (to 13 mEq per day) 
while gaining weight Although a maiked natnuresis occurred in Case 9 
duiing piedmsonc administiation, the mine sodium excretion leachcd its 
maximum on the fiist daj of Amphenone administiation and then fell of? 
in spite of continued therapy the end of the Amphenone peiiod, he was 
clinically free of ascites (Fig 3) Fluid balance became significantlj more 
negative only in Case 10, who was the only patient to lecene Amphenone in 
full 6 6m doses for more than 3 days Aaeragc urine potassium excietion 
incieased fiom 1 to 25 mEq pci daj in all patients but Case 1 

Peiiod II was continued for at least 8 days foi the majoiitj of patients, 
peimitting valuation of the effect of piedmsone administration Howe\ei, 
the possibility that the 3 day couise of piednisone used in Cases 1 2, and 3 
could ha\e initiated a diiuesis made cialuation of a subsequent Amphenone 
effect difficult, as a diuresis began on the thud oi fouith da> of piedmsone 
adwumsUation in some patients To define the extent of the piedmsone ef 
feet, these 3 patients weie each gnen a second couise of piedmsone alone 

3 neeks to 6 months latei Aftei 5 to 8 days of piedmsone, Case 3 (in 2 
sepaiate tiials) showed no lesponsc in sodium oi fluid balance, while Case 2 
(ill one trial) again showed an inciease in mine \olume and weight loss with 
out an mciease in sodium excietion Case 1 showed a deciease in ascites and 
weight loss, howeici, mine collections were incomplete 

Thus an uncquuocal natniuesis in lesponse to Amphenone oecuiied m 

4 of 7 patients (Cases 3, 7, 8, and 10) Inteipietation of the lesponse in 2 
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Tabli; III. UraNE Albosterone E.kcretion 
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Tabl> III—Cont’d 


I)1A( \OSlS AM» NUMBFr I 
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1 COSJVCATFli 1 
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h Patients IVithont J nrr Jhsense 
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Congestive cardiac f iilurc 
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0 5 
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4 

J5 

Normal men after 1 wttK 
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41 

P iticnts w ith Addison's 





di*«ci‘'e gnen intri\eiiou'« 





al(lo‘>tcrone (pool) 

2f 

Sf 

101 

20 


Note all figures represent determinations performed on J4 hour urine samples except for 
Subject 10 (Periods I to V) Subject 9 (Period I) and 2 pools of patients without ll\er ills 
ease where the determinations were performed on pooled dallj aliquots 


•Key to s^mbol 3 c =5 sample found to be contaminated after additional chromatoi?rapb\ 
on EB paper sjstem p =s sample found to be pure after additional cbromatoffrnpli> on 
ELB paper sj«tem + = figures not used tn calculating mein \n!ues since Amphenone dosage 
Was reduced to 1 5 Gm per daj during Doss 21 to 23 

tDita expressed as microgrimi of nldoilerone per liter 

(Cases 1 and 9) iias complicated In a coiiconiitnnt piednisoiie effect, and no 
luitnurcsis occniied in another (Case 2) Onh one patient (Case 10) dc 
\eloped a clinically significant loss of ascites dining Amphenone adminibtid 
tion 

D Pci\od IV, -fiml ptcdiusoiic Dining tins period, daih iirmc \olinuc 
and electioljto exciction tended to ictuin to Peuod 1 \allies, llo^\e^cl, pa 
tients who exhibited a inaiked sodium diincsis in Peuod 11 eontinuod to lost 
sodium and watci until ascites w as no longci c\ ideiit 

Fiequcntly, the most striking natiiuiesis due to Amphenone occinicd 4 
to 5 days aftei the fiist dose, uhich was aftci the ding had been discontimud 
m most cases In Case 10 the maximum lesponse was obsei\ed on the fifth 
daj 'i\hile he was still recening 0 Gm of Amphenone daily (Fig 2), indi 
eating that the delayed natiiuresis obsened in the othei patients was piob 
ablj” not due to abiupt iliscontimiaiicc of Amphenone 

E Penod V, final control Daih balance studios appioximated those of 
Peuod I except that meicaptomeiiii induced a greater inciease in 'watii and 
clectiolytc cxcietion than during Peuod I 

Aldosterone Fxcfetion—Aldosteione excietion uas aboie noimal dining 
the control period m all 4 patients studied, hov.e\ei, most of these ^allies did 
not exceed those found in noimal subjects on a sodium lestnctcd diet (Table 
III) 

Piednisonc caused no consistent change in total aldosterone excietion 
noi in the latio of "free” to “conjugated” fi actions In Case 2 there nas a 
fall in aldosteione excietion oiei a 3 daj peuod uhiic on piednisonc (Fig 
5), honeiei, this was not accompanied bj an inciease in uunaij sodium The 
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Fig. 2—Balance study of a patient ^\ho sho^^ed a marked sodium diuresis in i espouse to Amphenone administration 
(W W, a 48-year-oId man with portal cirrhosis and ascites) 

Fig. 3—Balance study of a patient who showed a marked sodium diuiesis in response to prednisone alone, with no 
enhancement associated with the addition of Amphenone He was clinically free of ascites by the end of the Amphenone 
period. (M K, a -lO-jear-old man with portal cirrhosis and ascites) 
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massne bocUuni dnutsis txhibitcd bj Case 9 m itspoiibc to jiudnisont ad 
numstiation not accompanied bj a thangc m aldostcionc extietion (lig 
3) Thus, the natuuicsis induced bj pitdiiisoiiL m this ease could not be 
1 dated to a fall in aldostcionc escietion 



I 6 9 12 17 

• « uenef/i JL D i/i>et e e vtn Oays 

• wiTcHtotcMJifKeTcsr 

Tiff J—Balance study in a patient who showed a slight sodium diuresis m icsponsc to 
pic Inisonc and Vmphenone (J A a 62 >car old man with portal cirrhosis and ascites ) 

Amphenone adniimstiation caused a 60 to 90 pei cent decrease in aldos 
teione excretion in all 4 patients in whom it was mcabiuod (Table III), how 
t\ci, this was not always associated with an inciease in sodium excretion 
(Pigs 2 to 5) Case 2 exhibited no incicase in sodium excietion despite a do 
ciease in aldostcionc excietion, and m Case 9 the deciease in aldostcionc ex 
ciction following Amphenone actually was associated with a lelativc fall in 
a pieMouslj delated sodium excretion (Fig 3) An increased sodium oxcre 
tiou was associated with the fall in aldosteione excretion in Cases 1 and 10 
Howc\ei, in subsequent studies, Case 1 exhibited a diuietic response to 
piednisoue alone Thus, of the 4 patients so studied, Case 10 was the onlj 
one in whom the natnuiesis could be definitely attiibuted to a doci cased 
aldosteione effect 

The aldosteione excietion of patients without Inci disease on an nn 
lestiictcd diet is 0 to 15 /ig pei 24 hotiis with a m«an of 5, using the method 
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dcsciibed abo\e (Table III) AYitli sodium lestiiction, the .ddostcionc e\cie 
tion uses to a lei cl of 10 to 45 /ig pci 24 horns bj the thud to fouith daj 
and snbscqnentlj luaj fall to a kiel slightl} aboie initial i allies ’ AlaiKcd 
indiMdual laiiation is usnallj obsei\ed 

The mean “fiee” mine aldosteionc langul liom .12 to 81 pci tint of the 
total (“iiee” pins “conjugated”), '\hich mn\ be contiasted with a mean of 
20 pel cent foi patients iMthout inei disease (Tabic III) This \alue foi 
noimal subjects is m agieement Mith the icsults of A\eliod and associates” 
using a bio assaj technique The latio lemained iclatnelj constant in each 
patient throughout the stud}, although thcie was a tiend touard normal in 
Case 2 duiing Pciiods III and IV 

Uiine K to Na latios,* calculated foi Cases 0 and 10 (Pigs 2 and 3), could 
not be closely coiiclated mth aldosteionc evciction This latl.. of cotielation 
had been obsciied in noiiiial subiects on unicstiictcd** and on sodium le 
stiicted diets,using the same method foi aldosleione deteimination This 
IS in contiast nith the expeuence of Luetsehci and Cuitis, using the bio assa^ 
technique 

Seium EUctiohjics and Related Mea>;nicments —The effect of picdnisono 
and Amphenone on seium clectioljtos and iclatod inensmcments is seen in 
Table IV During picdmsonc adimnistiation (Penod U) the seinm sodium 
concentiation rose 7 to 12 niDq pei liUi in 3 instances, 3 to 7 niEq pci litei 
in 3, and remained cssentiall} unchanged m 4 (the Inttei in patients uith 
lelntively noimal seium sodium conccntiations) A fall of 4 mLq pei litoi 
^vas noted in one instance, Case 4 (2) The 3 seium sodium concentiations 
botiveen 124 and 130 inEq pci litci at the end of the contiol (Peiiod I) wcio 
abo^e 135 mEq pei litei after piedmsonc (Pciiod 11) (Fig 6) A use of 
scrum sodium concentiation began in Case 5 uithin 2 days, before changes in 
sodium 01 fluid balance ueie eiident AVith this data it is impossible to detci 
mine whcthci these changes lu seium sodium concentiation ueie iclated to an 
internal shift of fluid and eleetioljtes m to incieased uiine \olume and in 
Cl eased insensible fluid loss Seium solute concentiation rose in all 6 patients 
so measured (Table II) 

A coircsponding but less significant use occuired in total seium protein 
and hematocrit in lesponsc to piedmsonc adnnnistiation Theie ueic no 
consistent changes in nonpiotcm mtiogeii oi cm bon dioxide content Serum 
ehloiide concentration tended to use duiiiig prednisone administration in nil 
hut 3 instances Serum potassium concentiation i\as normal in most in 
stances and theie weic no consistent dcMations Seium biliiulnii eoncentia 
tion tended to fall slightl} uhile seium alhumm concentiation tended to use 
during prednisone admimstiatioii 'Ihere was no coiielition between pro 
treatment scrum albumin or bilirubin coiiccntiatious and a response to 
inednisone, and impioiement in these \ nines uas maintained thiongh the 
final contiol penod 

•Sep footnote on pope 40n 




CONTROL PREDNISONE response to meroaptomerin 



SERUM SODIUM mEq/L. 

Fiff. 6. '■ 


Pig. 6._Change in serum sodium in response to prednisone administration. Eleven 

studies in 10 patients. (See Table IV.) 

Pig. 7 . —Urine sodium excretion in response to 2 ml. meroaptomerin subcutaneously 
before and after prednisone administration. 
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The adniimstiation of Ampheiione foi shoit pcuods pioduced no bti iking 
01 consistent changes, hoA\CACi, 3 patients showed a slight use in seiiini 
potassium and a fall in seiiim sodium Ko significant alteiatioii in scium 
albumin oi biliiubiu conccntiation or cephalm flocculation was noted 

Response to Meicwtal Injections —The majoiit} of patients exhibited a 
pool icsponsc to ineicaptomeiin dining the initial contiol penod although 3 
(Ckuscs 5, G, and 8) c\eieted o^ei 20 mEq of sodium on the daA of injection 
A small incicase in sodium cveietiou was seen on the daj after injection in 
sc-veial instances 

Following discontinuance of picdnisonc (Period V), ineicaptomeiin ad 
mmistiation mcieased uinie sodium e\ciction fiom 2 to 100 times the Penod 
r ^allies (Fig 7) This iiicieased sensitiMti nsualh decreased rapidlj with 
lepeatcd meicunal injections In 3 patients (Cases 3, 4, and 7) who did not 
achieve a significant sodium dmiesis on prednisone, the addition of meicuiials 
in 2 01 3 daj iiitenals foi a penod of 9 to 12 da\s, although transieiith 
mcicasing iinnaii sodium, did not cause a significant weight loss or loss of 
ascites 

Hjpochloiemia and docieascd glomerular filtiation rate both may be 
factors in mercunal imiesponsncness*'’ Steioids aic known to increase 
the glomeiular filtration lato, although this mnA be inconstant m patients 
with cirrhosis^* The seium chloiide ^^as highei during the final contiol 
penod in each patient except Case 7, howeiei, theic was no consistent cone 
lation between the amount of change in seium chlondc leiels and the degree 
of response eness to mereaptomeun 

Chntcal Observations and Comjihcations —Coincident inth prednisone ad- 
ministiation, a feeling of wellbeing and euphona was experienced bj all 
patients, howoioi, theic weie no seiious psychologic complications Appetite 
increased maikcdlj in some patients Complaints of between meal hunger 
were treated with intenal feedings subtiacted fiom the dailj diets and with 
aluminum hjdroxide gel* Antrenil.F* an anticholinergic drug, was added 
in some instances No CMdcnce of peptic ulceiation oi of upper gastio 
intestinal hemonhage was obscrAcd, although bleeding in small amounts fiom 
lectal hemonhoids occuned in 3 patients An increase in penphcral lenoiis 
distention was noted spoiadically, and a softening of the abdomen was noted 
occasionallj in patients with tense ascites, pnoi to fluid balance changes 

Senous complications ending fatally dei eloped in 2 instances Both oc 
ciured following repeated couises of picdnisonc in scicrelj debilitated pa 
tients who had clinical and laboiatoij eMdcnee of fai adianced li\ei disease 
ivith lecent episodes of impending hepatic coma Both patients were seiereh 
ill with graie piognoses at the tunc of the repeated courses of prednisone, 
and it IS felt that steroids masked the systemic lesponse to infection making 
diagnosis difficult and may ha^e potentiated the Mriilcnce of the infections 
bj impaiimcnt of host lesistance 

•Mialox William H Rorer Inc Philadelphia Pa 

fW c are Indebted to Ciba Pharmaceuticals Inc Summit X J for supplies of Antrenjl 
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Amphenone produced syndrome clinically indistinguishable from im¬ 
pending hepatic coma in the 2 patients in whom it was given alone (Cases 
o and 10). Toxicity within 1 to 4 hours after the initial dose forced discon¬ 
tinuance of the drug in each case. These symptoms wore less seAmre and their 
onset Avas delajmd until the second or third day when prednisone was given 
prior to and during Amphenone administratioii. Even on the combination 
of drugs, 6 of 7 patients developed .symptoms of impending hepatic coma, 
while Case 10 deAmloped no toxic symptoms after 6 days of prednisone (00 
mg. per day), and Amphenone (6 Gm. per day). This reaction to Amphenone 
and its relation to hepatic function har'c been discussed in previous re¬ 
ports.^'’ There was no evidence of aggravation of pre-existing liver dis¬ 
ease as a result of prednisone or Amphenone administration. 

DISCUSSION 

The findings reported in this study supplement previous work showing that 
Amphenone inhibits the adrenal cortieal biosynthesis of aldosterone' 
and other steroids"’ in man. Increased sodium excretion accompanied 

Amphenone administration in 5 of 7 patients to whom it Avas administered; 
hoAveA'cr, sodium loss could be correlated definitely Avith an Amphenone effect 
in only 4. The fall in urine aldosterone (observed in all 4 patients in Avhom 
it Avas measured) during Amphenone administration Avas correlated Avith in¬ 
creased urine sodium in 2 instances, but this natriuresis could lie attributed 
definitely to aldosterone inhibition in only one case. Toxicity prcAmntcd pro¬ 
longed Amphenone administration, thus limiting prolonged studj' and clinical 
usefulness. 

The elevated aldosterone excretion observed during the control period 
is in agreement Avith pi’CAdous Avork Avdth cirrhotic patients'’"'* and is consistent 
AAUth the findings of increased aldosterone excretion in other edematous 
states.**’ NeAmrtheless, the demonstration that reduction of dietaiy 

sodium in normal subjects A\dll cause an increased aldosterone excretion, 
followed several days later by a decrease,^®’ makes interpretation of our 
results difficult in vicAV of the prolonged strict dietary sodium restriction. 
Thus, although aldosterone excretion during the control period Avas elcA-atcd 
in all patients measured, it Avas often not above that seen in patients Avithout 
liver disease on a sodium-restricted diet (Table 111).®'’ 

A sodium diuresis occurred in response to prednisone alone in 5 of 10 
liatients, and Avas clinically significant in terms of loss of ascites in 3. Aldos¬ 
terone excretion (measured in 4 patients Avith and Avithout increased urine 
sodium) could not be correlated Avith the prednisone-indueed natriuresis; in 
fact, a marked diuresis occurred OA-er a 10-day period in one patient, AA'hile 
the aldosterone excretion remained unchanged. This finding is not in agree¬ 
ment Avith the Avork of Vesin and co-workers'" who observed a marked fall 
in aldosterone excretion in conjunction AAdth a prednisone diuresis in one 
patient, nor Avith that of Mullei- and associates" avIio observed a slight de¬ 
crease in aldosterone excretion in a patient AA'ith cirrhosis receiving prednisone, 
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althougli he did attJibute the dunesis to othei causes ns \\oll as to aldosteione 
leductioii IIo^\c^Ll, oui findings aie consistent ^vlth the obsel^atlon that a 
piednisone induLcd duuesis m a patient A\ith nephiotic sjndiome "was not 
associated ^\lth a fall in uiine aldosteione * 

The mechanisms contiolling aldosteione secietion in man undti physi 
ologic conditions aie pooih undeistood Pioduetion of aldosteione appears 
to be contioiled paith bj thanges in cxtiatellulai fluid ^olunle/^ paith 
In blood potassium concentiation,®* * and paith In adienoeoiticotiopine 
hoi mono although it is e\ideiit that not all changes in aides 

teionc e\ciction can be acconiitcd foi hy these hnown mechanisms-" ' No 
deal iclationship is hnonn between an> one of these contiolling factois and 
the incieascd aldosteione exeietion obsened in patients ^\itli ciiihosis and 
ascites Thus, thcie is no ineieasc in stium potassium ^ Moieovei, mcasiii 
able extiaccllulai fluid ^olumc is not decieased, e\en on a sodium lestnetcd 
diet,®’ and expansion of tlic cxtiacellulai fluid bj miiisions does not con 
sistcntlj cause duucsis-® Aldosteione does not seem to be oidinaiily regu 
Hted b> AGTH,^ and inhibition ot ACTH N\ith coitisonc oi piednisone has 
not pioduccd a constant diuiesis®* '■ In addition, om lesnlts fail to sho^\ 
a consistent fall m aldosteione cxciction in icsponsc to piednisone adnunistin 
tion The dcuionstiatioii that nunc aldosteione oxcietion incieascs follow 
ing abdominal ])aiacentc5is lu eiuhosis’ ' is m nccoid with the concept of 
aldosterone secietion legulatcd bj fluid %olumo changes, m mcw of the oli 
bcnatioii that paiacentcsis is a “dchjdiating’' pioccduic m ciiihosis (le, n 
dcciease m plasma and nonascitic cxtiacelluhi fluid \olumcs)'* “ Thus, 
aldosteione secietion in cmliosis maj incicasc in icsponsc to a diminished 
“effccti\e but unmeasuiablc'’ cxtiacellulai fluid ^olumc oi to diminished iiitn 
^aseulal fluid lolume which is sccoiidan to the tiansudation of fluid into 
the abdomiml caMt> The Hch of maikcd incieascs in aldosteione excietion 
noted m oui patients duimg contiol peiiods nuTV leflect the small amount of 
ascites foimation Although oui data suggest i iclationship between aldos 
teione excietion and sodium letcntion in these patients, the absence of com 
pletc coiiclation would indicate that othei factois also maj be nnohid 
Refinement in technique nnj be needed to elucidate the mechanism of in 
creased aldosteione excietion in ciiihosis with ascites 

The piesent obseiiations laise the question ot whethei the amounts of 
aldosteione measuied in the uiine actualh leflect quantitatneh the late of 
secietion of the hoimoiie bj the adienal coitcx As the amount of aldosteione 
excicted in the mine leprescnts onij a small fiaction of adienal pioduetion 
the significance of obscnations based on lumai’j excietion is somewhat lim 
ited AVoik with animals has shown that laigc incioases in aldostdone as 
ineasmed in the adienal ^elu maj not be leflectod in the peupheial blood, 
and the amount appealing in the uime his been estimated to be as small as 
1 pel cent of adrenal secietion-'' In man, using labeled aldosteione, the 
piopoition of infused aldosteione exciited in uiinc was 4 pei cent A pie 
Mous discussion has emphasized the lelnbilit^ of the amljtic piocodme used 
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in the present study*^; however, it is possible that in jiatients ivith cu'rhosis, 
the impaired liver function might allow a greater than normal proportion 
of adrenal aldosterone production to be excreted unaltered in the urine. Sug¬ 
gestive evidence that cirrhosis alters aldosterone metabolism arises from the 
increased proportion of urine aldosterone present in the free or readily hy¬ 
drolyzable form. This is in accord with the residts of Axelrod and associ¬ 
ates® and would indicate that the metabolism of aldosterone and of cortisol 
do not necessarily follow similar pathways. Indeed, Englert and associates"” 
.showed that, although the reduction of cortisol was impaired in liver disease, 
the conjugation of its metabolites proceeded unimpaired. A more definite 
answer to these problems must await a satisfactoiy method of measuring 
plasma aldo.sterone. 

In contrast to the variable efl'ect of prednisone on aldosterone and sodium 
e.xcretion, a uniform effect on urine A'olume was observed. All patients de¬ 
veloped increased urine volume during prednisone administration, while 
only 5 of 10 developed increased urine sodium excretion, and this natriuresis 
was not directlj'- related to the degree of increase in urine volume. These 
findings are consistent with the results of others.®^’ "" 

Continued administration of adrenal steroids to normal men influences 
the renal tubular rcabsoi'ption of water causing an increase in the maximal 
rate of water diuresis, which is unrelated to changes in glomerular filtration 
rate, solute excretion, or anlidiurctic hormone effect."' A similar mechanism 
]nay be responsible for the diuretic effect of prednisone in cirrhosis Avith 
ascites. Endogenous creatinine clearance during prednisone administration®' 
suggests that glomervdar filtration rate alterations arc not related to the 
diuresis of these patients. The increased urine volume did not seem to rep¬ 
resent purely a solute diuresis, for the urine solute concentration in some 
patients receiving prednisone decreased, indicating that the rise in solute out¬ 
put was less than the rise in urine volume. The rise in serum solute con¬ 
centration folloAving prednisone administration is consistent with a decreased 
antidiuretic hormone effect; however, the inadequacy of this postulate is in¬ 
dicated by the finding of some daily urine solute concentrations of 400 to 500 
mOsm. per liter and over.*' In fact, the rise in serum solute concentration 
Avould be expected to stimulate secretion of antidiuretic hormone. Thus, the 
concept of an altered renal tubular reabsorption of water unrelated to changes 
in glomerular filtration, solute excretion, or antidiuretic hormone effect could 
also applj’’ to the patients in this study. In acute studies on normal subjects, 
sodium diuresis invariably accompanied Avater diuresis due to adrenal steroid 
administration,"' Avhile only half of the patients Avith cirrhosis exhibited an 
increased sodium excretion. This is in accord Avith previous observations that 
patients Avith cirrhosis and ascites may retain sodium avidly even in the face of 
strong stimuli for sodium excretion. The data presented in this study are 


« Vntidiuretic hormone is necessary for a concentrated urine under ordinary circumstances: 
however Berliner®: has sliown that a concentrated urine may be fomed in the absence of 
..v^Sioretie hormone under certain conditions when there is a decreased volume of urine reacli- 
fng the concentrating segments of the renal tubuies. 
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insufficient to alIoi\ a final conclusion concenimg the method b^ \\hicli prednisone 
aftects -watei and sodium excietion m patients with ciirhosis and ascites, how 
eiei, the data do not suppoit the concept^® that a deci eased aldosteione e\cre 
tioii alone is in\ol\ed in the natiiuresis caused b\ piednisone 

Amphenone administered in small doses to patients with Inei disease 
causes a sjndrome chmcallj simiiai to impending hepatic coma, and the co 
admimstiation of piednisone was necessai^ to dectease the se^eiitj of this 
leaction The seiious complications noted m 2 patients following lepeated 
couises of piednisone waiiaiit the use of caution when adniimstenng this 
diug to se^eleh debilitated patients It should be emphasized that the pa 
tients in this studj weie selected foi then lack of icsponse to comcntional 
dmietic measmes, and mam woic seuoush ill At piesent, the ad\ersG mam 
festations of piednisone and Amphenone ate a seiious limitation to then elm 
leal effectn eness foi this gioup of patients 

SUMAI \R\ 

1 Partial inhibition of adional steioid pioduction bj Amphenone in pa 
ticiits with cnihosis and ascites who weic maintained on piednisone and 
sodium lestiiction, was associated with incieascd unne sodium e\cietion in 
5 of 7 cases, although a climcallj significant loss of ascites occuiied in onh 
one A complete in\eise con elation between sodium and aldosteione e\cie 
tion was not obset\ed, and it is suggested that other faetois as well as 
aldosteione secietion aie operatne m causing the sodium letcntion of these 
patients In addition, the data indicate that patients with eiiihosis may 
ha^e an impaiied abilitj to eNciete conjugated aldosteione 

2 Piednisone was found consistcntlj to cause a watei diuiesis when ad 
ministered to patients with cnihosis, and (his was associated with an m 
Cl eased icsponse to meicuual diuictics and fiequenth a use in scium sodium 
Incieased sodium excietioii followed piednisone administration in 5 of 10 
cases but was clmicallj significant in onlj 3 and could not be con elated with 
dccieased aldosteione excietion 

3 The ad\eise nouiologic manifestations following Amphenone admin 
istiation to patients with cnihosis c^on though amelioiated b^ concomitant 
piednisone admimstiation, eieate a se\cie limitation to its clinical usefulness 
Piolonged piednisone admimstiation to these patients with cnihosis was as 
sociated with o-n eiwhelming infection in 2 instances 

The authors are greath intlehtetl to Afisse** Alice N Ballou, Ellen T Do\le and 
Llaine A Hir'ihbeig for technical a‘isistance and to Jri'««:es E\elMi Antonaros and Atari 
Frances Bradlej for dletar^ aid Dr Solomon Papper’s adMce most helpful in the 
interpretation of results 
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ORNITHIM: CARBAM\rj TRANSrBRASi: IN DOG SDRU.At ON 
INTRAVENOUS INJECTION OF ENZ\A[E, CIIOLEDOCHUS 
LIGATION, AND CARBON TETR VCIILOKIDE POISONING 
ir\NS Reich \nD, AID 
Stockholm, Swldfn 

I N THE nifTinmal, oimthinc caibannl tiansferase (OCT)* has Iiitlieito been 
found onh in Inei cells'’ It occnis norinall 3 in minute amounts in blood 
seium and is often mcieased in luci disease This use m.n be of diagnostic and 
piognostic significance^ The aim of the picstnt imestigation nas to elucidate 
some faetois nith an impoitant beating on the diagnostic e\aluation of seium 
OCT 


MATERIAL V\D METHODS 

The experimental 'inimals were sll licaltlij mongrel dogs, ueiglung between 13 5 and 21 
kilograms, that had been dewormed and vaccinated against distemper 

Operations —All dogs were anesthetized with Nembutal 0 035 Gro per kilogram of bod; 
weight intr ipcritonealh, and received 600 000 I U procaine penicillin bj intramuscular injec 
tion to present infection Intubation was done m order to obMate anoxia The operations 
were performed bj Dr G Jon«on and Dr D IlalUjcrg 

Ltpation of the Common Bile Duct —After opening the abdomen by a midline mci^ionj 
the choledochus was identified, ligated, and then cut 3 to 5 cm from the duodenal papilla 
The bell} was closed within 30 to 60 minutes All dogs recovered consciousness within 6 hours 
after the onset of anesthesia, and were on their feet the da} after operation 

At subsequent necrop'*} the bile duct obstruction was checked and found to be complete 
Control animals were subjected to the «amc operative procedure with the exception of 
ligation and division of tlie choledochus 

Beoperation —The ilogh that had undergone choledochus ligition were submitted, 15 to 
17 days later, to a second operation at which time the continuit} of the common bile duct 
was restored b} means of a Teflon tube This operation lasted from 2 to 3 hours and greath 
impaired the general condition of the jaundiced animals In 1 of them fluid had to be ad 
ministered intravenously 

Carbon Tetrachloride Poi'toninp —In 4 anesthetized dogs, 1 ml of carbon tetrachloride 
per kilogram of bod} weight was instilled through a gastric tube These animals recovered 
consciousness within 4 hours after the onset of anesthesia Their condition had deteriorated 
and they were unwilling to get on their feet 

Preparation of Lxier Fxtract Containing OCT —The abdomen of anesthetized dogs w is 
opened rapidly and 100 Gm of liver tissue removed, then cooled with ice to 0® C All further 
manipulations were done at that temperature The liver tissue was homogenized, together 
with 300 ml distilled water, in a Manng blendor This treatment releases OCT from the 
mitochondria The homogenate was centrifuged at 20 000 g for 30 minutes The light red 
slightly opalescent fluid was used within 24 hours The extract had a high OCT actint} 
(Table III) 

From the Biochemical Department and the experimental Surgerj Laboratorj Karolin 
ska Instltutet. and the Medical Department Karollnska sjukhuset Stockholm Sweden 
Received for publication Jul> 10 1958 
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Tissue llomoyenatcs .—Tissue lioiuogenates of different organs wore prepared from liealtliy 
dogs that had been killed by intravenous injection of air during anesthesia. All specimens 
were taken within 5 minutes after death and treated as above but not centrifuged, 

OCT Activity *.—^In serum or in tis.sue homogenates OCT activity was determined by in¬ 
cubation with citrulline-carbamyl-CJr in arsenate buffer.J The amount of CuO. formed is 
proportional to the OCT activitj-. Results were expressed in micromoles of CiiO- per 0.5 
ml. of serum or 1 6m. of tissue. 

Other Determinations .—Glutamic oxalacetic transaminase (GOT) and glutamic pyruvic 
transaminase (GPT) were assayed by the method of Reitman and Frankel.= Results were 
expressed in Karmen units.'’" 


KESULT.S 

OCT Content .—The OCT content of different organ liomogenates is detailed 
in Table I. No OCT activity e.xcecding that found in normal serum (0.024 + 
0.010 pM of C^Oo per 0.5 ml. of serum) was demonstrable in brain, lung, spleen, 
pancreas, kidney, striated muscle, or heart muscle. Gall bladder bile, stomach, 
cecum, and ileum showed enzyme activities equivalent, respectively, to 0.06, 0.74, 
2.60, and 43.0 pM of C^Oj per 1 Gm. of tissue or per 1 ml. of bile. The corre¬ 
sponding value for liver was 2,900 pM of C’^Os. 


Table I. OCT Context i.n the OirrEREXT Organs From Dog. All Values are the Means 
OF Determinations From 2 Animals 


ORGAN 

1 OCT activity in pM per Gni. tissue 

Brain I 


Lung 


Spleen 


Pancreas 

L <0.01 

Kidney 


Striated muscle 


Heart muscle 


Blood serum 

0.04 

Gall bladder bile 

0.06 

Stomach (pyloric portion) 

0.74 

Duodenum 

56.0 

Deum 

43.0 

Cecum 

2.6 

Liver 

2,900.0 


To rule out intestinal contents as the source of OCT activitj’^, both washed 
and unwashed specimens from stomach, ileum, and cecum were incubated, but 
no verifiable difference in enzyme activity emerged. 

OCT Levels.—The 24-hour OCT levels in dog serum are set forth in Table 
II. In addition to OCT, both GOT and GPT were assayed since they were 
consistently used as reference enzymes. Blood samples were taken here, as in all 
experiments, by puncture of a leg vein. No 24-hour variation of significance was 
observed. 


EJimmation Rate of Liver Extract.—The elimination rate of intravenously 
administered liver extract containing OCT is shown in Table III. The mean for 


*In an earlier paper' the coneentration of citrulline-carbamyl-C" was erroneously given 
as 1 gM per milliliter. This should be 10 gM per milliliter of final incubation mixture. 
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the 3 dogs \nU be found in Fig 1 The 3 difteient li\ei evtiacts had about the 
same OCT content (660 to 730 /til ot 0**0- pei 1 ml) Then GOT and GPT 
contents, A\hich ^^ele not determined, piohabh ^alled substantialh 


T\ble II The 24 Iloir lm Ll\fls oi OCT, GOT, \nu GPT i\ 1 Docs Xopm\l \ au fs 
OCT, 0 024 ± 0 010 /iM OF Ci^O, pep 05 muSeplm, GOT, 18 5 ± 10 4 Lmts, GPT, 

23 3 ± 10 0 Units \u Xopmal \ Mtrs \re From 15 Docs 





OCT IN mM 
C«<0 pep 0 5 

GOT 

GPT 

DOC NO 

DAX 

TIMF 

ML SEPl M 

{KVPMFN T NITS) 

1 

1 

9 00 A XI 

0011 

20 

16 




0018 

30 

25 





25 

Ifi 



9 00 P xi 

0 010 

25 

15 


2 

2 on A M 

0018 

25 

10 



0 on A M 

OOlS 

30 

20 

o 

1 

0 00 A XI 

0 039 

28 

15 



1 00 P M 

0 030 

25 

20 



5 00 P M 

0 029 

23 

20 





23 

9. ’ 


o 

2 on A M 


25 

on 



n 00 A M 

0 044 

25 

20 


Tvblf III ^EPLM Lfveis OF OCT, GOT, AND GPT \ftfr Intrvvfnols Injection or Livrr 
Extract Thf Lkep Extracts ^uministeped in Docs 3, 4, and 5 Had an OCT 
\CTI\ITX EqiUALFNT TO, RFSI FCTI\EL\, 6S0. 660, AND 730 mM OF C»<0 PFP MlIU 
IITEP A.n \NI\tMS ISfPF InjFCTLD t\lTlI 2 MU EXTPICT lER KjLOrPwAM Bonx 
■WriCllT ON Da\ 1 \T 8 00 A M IMMEDUTFLX ^FTTP THE FIRST PAMPIF 
Had Bfen Tvkfn 





OCT IN /iM CWO 






ifpOo mu 



IMVNO 

DAX 

TIMF 

SFPl XI 


3 

1 

8 00 A M 

0018 

25 

40 


10 00 AM 

7 60 

700 

400 

2 

10 00 A M 

0 88 

40 

lin 

3 

10 00 A M 

0 119 

22 

78 

4 

10 00 A M 

0 070 

28 


n 

in no A M 

0011 

12 

29 

4 

1 

8 00 A XI 

0 038 

20 

32 


10 on A M 

8 30 

1.300 

1,600 

2 

10 00A.M 

0 79 

90 

1,000 

3 

in 00 AM 

0 370 

18 

715 

4 

in 00 A M 

0 044 

12 

440 

n 

10 00 AM 

0 037 

25 

100 

j 

1 

8 00 A M 

0 030 

51 

38 


10 00 A M 

11 7 

700 

1,070 

2 

10 00 am 

2 60 

85 

030 

3 

10 00 A M 

0 420 

28 

450 

4 

10 00 am 

0 162 

00 

240 

6 

10 00 A XI 

0 035 

90 

190 


OCT A\os so eliminated from the hlood stieain tliat its senim lexel, measuiod 
1, 2, and 3 daxs aftei injection of the li\ci cxtiact, amounted to 14, 3, and 1 pei 
cent, respectneh, of the \alue deteimined 2 horns after the inieetion Tlie coi 
lesponding x allies foi GPT xxeie 59, 42, and 23 pei cent, lespectixelx Seinm 
GOT had fallen to 8 per cent aftei one dax and xxas normal on the second dax 
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EEICHAED 


J. Lab & Clin. Med. 
March, 1959 



PIff. 1.—Elimination of intravenously administered liver extract on Day 1 (2 mi. per kiiogram 
body weight). Means in 2 dogs from Tabie III. GOT and OPT in Karmen units. 



Fig. 


-Serum OCT GOT. and GPT after ligation of common bile duct (Day 0). Mean.s in 
3 dogs from Tabie IV. GOT and GPT in Karmen units. 
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OCT Content of Set urn Following Choledochus Ligation —The OCT of 
seium follo^Mng choledochus ligation and m the contiols is giien lu Table IF, 
tlie mean foi the ligated dogs in Fig 2 


Table IV Serum Leneis of OCT, GOT, and OPT After Ligvtion of Choledochus (Dogs 
6, 8, VND 10) AND IN Control (Dogs 7, 9, and 11) The Opfrations "Wfee Performed 
ON D\\ 0 Bftwffn 1 00 AND 5 00 1 M Sampifs Wfpe Takfn at 10 00 am 
Each Da\ 


DOG NO 

D\\ 

1 OCT IN /iMCnO, 

1 PFR 0 5 ML SFPUM 

GOT 1 GPT 

(KAPMFN UNITS) 

G 

0 

0 010 

44 

33 


1 

0 238 

150 

45 


J 

SCO 

400 

450 


1 

10 2 

520 

1,250 


4 

14 3 

840 

2,800 


G 

135 

400 

4,000 


S 

105 

300 

3,350 


10 

8 40 

200 

3,350 


12 

C70 

ISO 

2,400 


14 

AGO 

170 

2,400 

s 

0 

0 045 

42 

30 


1 

0 240 

48 

40 


2 

4 00 

110 

110 


3 

128 

450 

5G0 


4 

23 0 

680 

1,100 


0 

112 

800 

1,200 


8 

10 5 

580 



10 

9 00 

300 

1,100 


12 

8 GO 

J50 

1,250 


14 

12 1 

4C0 

1,000 

10 

0 

0 018 

25 

5 


1 

5 50 

C50 

380 


2 

9 70 

975 

510 



18 8 

1,075 

1,100 


4 

20 0 

1,075 

1,350 


0 

118 

750 

1,500 


8 

15 7 

750 

2,880 


10 

14 3 

850 

3,200 


12 

11 7 

475 

3,500 


14 

G70 

305 

2,000 

7 

0 

0 020 

42 

18 


1 

0 040 

73 

95 


2 

0 07J 

104 

G2 


3 

0 020 

82 

42 


4 

0 014 

37 

42 


0 

0011 

56 

40 


8 

0 015 

42 

24 

0 

0 

0 011 

35 

12 


1 

0 024 

44 

28 


o 

0 010 

32 

15 


1 

0 015 

40 

27 


5 

0 009 

50 

28 


0 

0 012 

47 

40 

11 

0 

0 030 

37 

42 


1 

0 570 

70 

180 


2 

0 048 

22 

42 


3 

0 043 

32 

95 


4 

0124 

37 

60 


0 

0 065 

25 

55 


11 

0 047 

43 

CO 


Vcciclentallj IQ's! 
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T'FLe V LI:^XLS or OCT, GOT, \M» GPT i\ Doci. i\ Which the Bn e Flow \\ \s 

Restofeu Amp CHOixi>ocn(.s Lig\tios D\ys Vfe Indicvted 'With Rlffj’Encl to 
THL Time of thf Fifst Opef^vtios (Dvy 0) The Seco\d OrEr\Tio\ Plt 
roFMED Between 3 00 \^n 00 pm Blood Skmplf^ A\Erj: T\ken vt 10 00 

\M THE D^\ Befofe vm» o\ Eack 01 3 ]>V\‘; \lYFr Ofef-vtion 


1 

1 

DM 

OLTin I 

PEP 0 5 MU 1 
SETT M 

GOT 1 

(KIFMIN 

GPT 

I MTsl 

^ FFMIFKS 

b 

14 

S6fl 

170 

J400 



15 




0{Kr»tioii 


Ifi 

1 IJ 

^>0 

1 000 



17 

0 400 

200 

715 







Dead 

S 

1C 

3 00 

150 

soo 



17 




Optritjon 


IS 

JbO 

ISO 

1 440 



1 «» 

0 J50 

JO 

700 



JO 

0 070 

Jb 

5«0 


10 

14 

b70 

305 

j noo 



15 




OjM.ntion 


16 

1 02 

IJO 

1 500 



17 

J JS 

ijn 

1 050 



IS 

2U 

130 

030 



III 2 of the clogN al! ciizvino^ shoiiod a i*e<luction postopeiatneh , 1 do? 110 
still had elevated OCT \allies, but the other serum enzMues tended to fall 
Scrum OCT iii Carbon TctrachJondc Poi5om»<7—The enzme lalues ai 
set foUU in Tabic VI and the mean for the 2 simumg dogs in Fig 3 

In all animals that sunned the nia\imum «:enuii enzMue lei el was foiin i 
the second da^ OCT, GOT, and GPT reached rc&pectnch, 4 000 JOO 
400 times the iioimal laluo Both OCT and GOT then fell lapidh GOT sli 
iioimal values on the tenth da\ but OCT was still slighth eleiafed after 14 
when GPT was 10 times noinnl 


unct'^iON 

Bailiei it has been found^ that in niamninU OCT occius onh in lu Imi 
Accoiding to 111 % lesults this is not altogether collect, in dogs >nia!l 

amounts aie found in the stomach, bile, and cecum and sonuwliat gieatti 
amounts in the small intestine Here, the content per unit weight n 1 » pei mil 
of that in the Iner A similai OCT distiibution occui's in human oigans TIil 
disciepanci between im lesults and eailier ones is in all probal>ilit% diu to tin 
moie sensitne methods used in the pusent iiucitiiiation 

The impoitant question aiises as to whethei e\traljepatie OCT micht m 
fluence its le\el in the senmi, thus complicating the use of OCT iii the diacnoiis 
of Inei disease Howeici, the amounts in the stomach and cecum aie so minute 
that the% probabh cannot influence the seium le\el appreciabU Accordmgh 
delated OCT lalues aie not found in peptic ulcei and ulceiatuc colitis In 
the small intestine the OCT content is low, although not lughgiblc, but diseases 
of that oigan arc not common Thiiefoie, delated sennn OCT laluts slioiild 
point to Inei damage if widespicad disease of the small intestine ^an bo luled 
out 
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Alarch, 19S9 


About 85 per cent of tlie OCT (liver extract) injected intravenously’’ in 
healtliy dogs was eliminated in the first 24 hours. Elimination of endogenous 
OOT proceeded at tlic same rate in tJie dogs with carbon tetrachloride poison¬ 
ing (Table VI) and in one dog with ligated choledoclius in which the bile flow 
was restored (No. 8, Table V). 

'J'able VI. Serum OCT, GOT, and GPT Values After Cakbo.v Tetkaciidoride Poj.soaevg 
One Milijliter Carbon Tetraciii.oriiib Per Kilogram Body Weight Was Administered 
Through a Gastric Tube at 11:00 a.m. on Day 0. Blood Samples Were Taken 

AT 10:00 A.M. Each Day 


uno NO. 

i DAY 1 

IMi 

1 GOT / OPT 

1 (KARMEN UNITS) 

1 REMARKS 

12 

0 

0.012 

12 

29 


1 

4.S0 

2,400 

1,000 


2 

57.0 

10,000 

12,000 


3 

7.60 

1,000 

■K 


4 

1.80 

120 

10,000 


0 

0.840 

80 

4,500 


6 

0.630 

94 

3,000 


8 

0.223 

43 

1,700 


10 

0.195 

32 

960 


12 

0.128 

38 

500 


14 

0.056 

28 

500 


13 

0 

0.018 

24 

30 


1 

12.0 

4,200 

4,600 


2 

62.0 

6,750 

11,000 


3 

2.40 

850 

3,000 


4 




Dead 

14 

0 

0.030 

25 

32 


1 

1.24 

400 

1,100 


2 

92.0 

3,700 

9,500 


3 

41.0 

240 

9,600 


4 

3.70 

SO 

3,900 


0 

1.28 

77 

2,900 


6 

1.04 

5G 

1,860 


8 

0.320 

47 

800 


10 

0.095 

24 

400 


12 

0.090 

18 

300 


14 

0.110 

25 

245 


15 

0 

0.028 

22 

10 


1 

109.0 

22,500 

18,690 


2 




Dead 


•Accidentally lost. 


A similar rapid elimination of OCT also oecnns in human beings, as shown 
in patients with gall stone colic, where the usual substantial rise of OCT sub¬ 
sides on the second day.^ 

Therefore elevated serum values indicate that biliary stasis or acute lit'er 
damage either is present or has been present and relieved not move than 2 days 
before the test. 

After ligation of the common bile duct an initial delay oi the OCT rise in 
serum appears. This delay is less marked when the gall bladder has been re¬ 
moved.® This different behavior is most readily explained by the pressure¬ 
equalizing effect of the gall bladder that is known to influence the serum bili¬ 
rubin level in a similar way. 
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The dogs \Mth caiboii tetiaehlonde poisoning showed, on the second da^, 
e\cessi\e soium enzMiie concentiations, whicli foi OCT amounted to 4,000 times 
the noimal \alue Attei this huge OCT use the seium ^alues fell lapidh, thus 
suggesting that the damaged li\ei cells dischaiged then OCT content quickh 

If the findings in dogs aic applicable to man, dcteimmation of OCT could 
be useful ni the diagnosis of luci disease In massne neeiosis ot the h\ei the 
seium OCT should use quickh and then lapidh fall Total occlusion ot the 
choledochus, on the other hand, should be associated uith rising seium OCT 
■sallies foi a feu daAS and then a giadiial fall dm mg the ensuing uecks 

Clinical obstiuctioii of the choledochus is often paitial and feu patients 
uitli this condition can be expected to shou the OCT behaMoi t^plcal foi choled 
ochus ligation in dogs Ileie, as in modeiate and mild cases ot hepatitis, fui 
thei clinical studies in human sub]eets uill ha\e to decide if deteimination of 
seium OCT ma\ be ot diagnostic aid 

SUMM \R\ 

Oinithine caibamil tiansfciase (OCT) does not noimalh oeciu in the 
canine biain, lung, spleen, pancicas, kidiici, stunted muscle, oi heait muscle 
^Iinutes amounts aie found in bile, stomach, and laige intestine The small 
intestine contains pci unit weight about 1 5 pei cent of the OCT content of the 
Ill Cl 

In dogs, about 8o pci cent of intiaionouslj injected OCT disappeais 
within one daj and the test withm G da\s In choledochus ligation OCT 
uses lathei slowh in seium tlie fiist da^, then much fastei, and leaches its peak 
on the foiuth da^ with a seium lc\el 1,000 times noimal The OCT seium le\el 
IS still 500 times noimal aftei 14 da^s In seicic caibon tetiachloiide poison 
ing, maximum OCT iallies appeal iii seium on the second da\, with 4 000 times 
noimal Thereaftei, the OCT le\el sinks rapidh and is onh \en shghth ele 
lated aftei 14 dais 

I wi«sli to tliank Professor llenriK Lagerlof for helpful rli'scussions and \aliiable 
criticism I am also indebted to Dr Ahe Senniiig for help and adMce in connection 
Mith the dog experiments 
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THE INFLUENCE OP ALCOHOL ^VND DIETARY lIAGNESimi UPON 
IIYPERCIIOLESTEROLEi\riA AND ATHEROGENESIS IN THE RAT 
L S Gotti ifb, D , S A Broitman, Ph D , J J Vitale, Sc D , 

AND Normvn Zamcheck, IM D 
Boston, Mass 

With the Tfciimc\l As'^intvncf of M IIazfl, R Cananagh, P Colon, and 

P Connors 

M any clinicians aiG pioponcnts of tlie ^le\^point that chronic alcoholic 
patients luuc less athoioscleiosis than do nomlcoholic patients' ^ "Wilens^ 
has suggested that this appaient diftcience iim be explained in pait b} a de 
cieased food intake, but to date onh a few experiments have attempted to 
assess the lole oi alcohol in the pathogenesis of atheioscleiosis,® ® and these 
studies ha\e not shoun a consistent lelalionship between alcohol and athero 
genesis 

EbeihauP demonstiated that alcohol maikedh incicased scium cholesteiol 
IcNels in the labbit This obsonation was not confiimed by Fellei and Huff,® 
who lepoited that alcohol did not sigmficanth altei seium cholesterol le\els 
Piutheimoio, these aiithois weie unahle to demonstiate an effect of alcohol upon 
ntheiogenesis in ulibits 

Plnik” found decieased seiuni magnesium ]e\els in cluonic alcoholic pa 
tients wliile Khngnian and associates’” obsened an increased tendenej towaid 
convulsions in lats fed alcohol and low magnesium diets These data suggested 
a lelationship between alcohol and dictai^ magnesium Vitale and his co 
woikeis” locenth lepoited that lats fed a diet containing cholesterol and cholic 
acid developed vasoulai sudanoplnlia which was leduced significant!} by in 
cieased levels of dietarv magnesium 

The picsent studv investigated the iiitciielationships among these factois 
and the lesults showed that alcohol ingestion hv lats incieased vaseiilai sudan 
ojihilia and seiuin cholesteiol levels 


jiethods 

Weanhng albino male rats* weighing 50 to '55 grams ^\ere fed a 1 tsio diet con 
sisting of punhed casein (10 per cent), glucose (58 1 per cent), salt mixture (5 0 per 
cpnt),t celluflour (5 0 per cent), choline chloride (0 3 per cent), vitamin AT>E mixture 


From tl In*- _ Tj T aboratory of the Alallorj Institute of PatholORj 

Boston City lutritlon Harvard School of Public Health the 

Department c* Xledlcal School and Department of Pathologv 

Tufts Univer i Mass 

Supported in part b> rrants In aid from tie Vmerican Cancer Society (Nev Xork) P 110 
and P 111 tlie National Cancer Institute Grant<« C *>OSO (Cl) and C 13‘’3 (C4) tlie Albert 
and Marj Lasker Foundation, Neva lorK and the Fund for Research and Teaching Depart 
ment of Nutrition Harvard School of Public Health 

Presented In part nt the Annual Meeting of the Pederation of Vmerican Societies of 
Experimental Blologj Philadelphia Pa. April 3958 
Receiaed for publication Jul> 9 1958 

•Obtained from tiie Charles River Breeding Laboratories Boston Mass 
tSalt mixture of Jone«J J H ani Foster C J Niftrition 24 245 1942 vvitli th CaCOj 

and MgSO« removed 
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(0 1 j)tr ttut),* C 1 CO 3 (15 per cent), nnd fit (Spo) (20 per cent) This diet uas imdc 
itlieropenic tlie addition of 1 0 per cent of tIio!e‘»terol and 0 3 {cr cent el olic icid 
'Mth a proportionate reduction in the amount of glucosjc necessarA to keep constant the 
percentage of protein and fat in the solid diet The nnininls ivere housed in induidual 
cages and fed ad libitum Groups of niiimals nere fed cither the basic diet or the diet 
containing cholesterol and cholic icid Those two groups were further subdivided into 
those recemng either water or 20 per tent ileoliol as the onh source of fluid Magne 
Slum IS niignosium oxide was added in concentrations tirMiig from 6 to 192 nig per 
100 grams of diet 

Food alcohol, and water intakes were measured daiL Animals were weighed bi 
weekK, and observed for signs of magnesium dcficicncv, eg, hjperexcitabilitv ind h}per 
cmia of the ears, feet, and tail 

Animals were sierificed at the end of 2S or 29 da^s Scrum cholesterol levels were 
dcterniincd according to the method of Carpenter and associates i" Sections of tlie gistro 
intestinal tract, kidiiev, liver, and heart were fixed in 10 per cent formalin for microscopic 
examination The left kidnev was decapsulated and weighed Hearts were removed with 
the aorta attached and opened in a manner to expose the aortic and mitral valves After 
fixation in formalin these specimens were stained with Sudan IV The aortic and mitral 
valves, the intervalvular endocardium and the aorta were evannried bv use of a dissecting 
microbcope The sudanoplulin was estimated on a 0 to 4 plus scale bv two of the authors 
working independently and the total vascular sudanophiha was designated as “heart 
score ”13 33 The degree ot calcium deposition in the renal tubules was evaluated in the 
manner prev lously described and designated as ‘ 1 idncv score ”i3 

HESULTS 

Table I shows that the scium choloslciol ic\els o£ animals dunking 20 pci 
cent alcohol weic significantly Inghei tlian those of animals fed only watei 
Tlicie was no apparent coiielation between the level of dietaiy magnesium and 
seium eholestciol in animals fed alcohol oi water 

Heart scoies were 7, 0, and 3 for tlie gioups fed 20 per cent alcohol and the 
24, 96, and 192 mg pei cent niagncsinm diets, lespeetnch The daily aveiage 
food intake for these 3 gioups was appioximatcly 7 0 Gm The heart scoies of 
animals fed watei weic 6, 5, and 4, and thev ingested an aveiage of 9 8 Gm per 
day over the same penod 

As was expected, high levels of dietaiv niagnesuim ieduced the heait scoio 
of lats fed onlv watei from 6 at 24 mg pci cent to 4 at 192 mg pei cent Al 
though those animals which were fed alcohol had significantly liighei seium 
levels of cholesterol the amount of vascular sudanophiha seen was significanth 
mcieased in onh one instance The gioiip fed a diet containing 96 mg per cent 
of magnesium and alcohol had a hcait scoic of 9 while those fed the same level 
of dietaiv magnesium with watei had a heart score of onh 5 

The addition of alcoliol icsulted in decieased food intake as well as de 
creased total caloiic intake t Siniilaih, the decieased caloric intake was 
accompanied liv a decieased late of weight gam Tlie level of dietary magnesium 
was without effect on weight gam in both the alcohol and watei fed gioups 

The kidnev "profile' was evaluated bv (1) gross appaeiance, (2) tlie weight 
of the kidnev, (3) the latio of kidnev weight to bodv weight (K/B latio), and 

•A mixture of vitamins V D and E was prepared b> a idmpr o Gni of halibut oil and 
1 Gm of alpha tocopherol acetate to 44 Gm of corn oil (Mazola) The follovvinf: vitamins 
were added per kilogram of diet 4 mg thiamine hydrochloride 8 mg riboflavin 4 mg of 
Pjridoxine hydrochloride 25 mg of calcium pantothenate and 4 0 mg of macin 

tThe caloric value of alcohol was calculated as 7 calories per gram of absolute alcohol 
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(4) the ki(lnc\ scoic Tlic cflctt ol mngiKMum clcficiiiie\ upon the kidnc\s nas 
snuilni to changes piexioush (ksciibcd * On giobs examination klclne^s 
shoeing tlie “magnesium eflict" A\cie usuall\ laigc and pale, and tlie sc^cle 
eases ie\calod suiface siicckhng suhscqueiith identified as tulml u dilatation 
i\Iicioscopic examination ie\ealod the deposition of liminated calcium stones 
uithin tlic liiniina of the collecting tulmles of the outci thud of the i'ona intci 
media AVc luue called this change lenal tiibnlai imciolithiasis Occasional^ 
tlic micioliths ucic found in the mediillau tips, and then puscncc ^\as not 
couekitod Mith the sc\cnt\ ol the deposits in the icmaindei ot the medulla 
Othci mieioscopic findings iiiLliidcd dilatation of the tubules suiiounding tlic 
nuoioliths with flattening of the tuhoidtal epithelium, focal epitliclnl Injiei 
plasia, and local giant cell foiniation as well as slight to modeiatc dilatation 
ol the tnoximd ncphion Focal inteistilnl infiltiatcs ol hinphocNtcs and 
plasma cells wcie also noted in the coitex and medulla 

Alcohol ingestion complctch piotcctcd against icnal tubiilai miciolithinsis 
in this expeiiincnt (Table I) The kidne\ scoio of animals fid onl\ watei "as 
1 at 24 mg poi cent and was decictscd to a scoic of 0 at tlic highest lc\el ol 
dictan magnosiiim The a\ciagc "eight ol the kldnc^s of the alcohol fed am 
mals was sllght!^ less than that ot animals on "atci Tlic K/B latio "as ic 
diucd fiom 0 52 at 24 mg poi cent to 0 42 at ]‘12 mg pci cent in ammals fed 
"atei ]Io"c\ci, the K/B i itio "as al"a}s highoi in alcohol fed animals 

III IXpcimoiit II (Table II) two lowci ]c\eK of diotaix magncsuim wcic 
added Ammals fed G mg pel tint of magncsnim weio not gnen alcohol suite 
in oui expclienee these animals ha\c not sunned such a icgimcn Ammals 
led alcohol instead of watoi had signihcanth liigliei Ip\els ot scnim eUoIcstciol 
despite the fact tliat the\ ingested apploxlmatcl^ 35 pei cent less food Tlie 
a\cingc sciuiii cholcstciol level foi ammals ingesting watci vaiiod onlv fiom 
596 to 7G2 mg pei cent logaidkss of the level oi dietaiv magnesium Alcohol 
fed ammals had seium cliolcstciol levels laiiging liom 800 to appioximatclv 
1,400 nig per cent 

The lieait scoios of ammals fed oiilv vvalei weic 5 3 at C mg poi cent mag 
lusium, 5 6 at 12 mg poi cent, 3 2 at 24 mg pci cent and ajipioximateh 2 at 
no and 102 mg pci cent Ileait scoies of ammals fed alcohol, howevci, weie 
0 9 at 12 mg pci cent magnesium 4 4 at 24 mg j)ci eont, 4 0 at OG mg pei cent, 
and 2 1 at 102 mg pci eent The coiielatioii cocffiiicnt calculated lot dietan 
magnesium vcisiis hcait seoic was 045 foi the gimip fed watci and 0 61 loi 
the gi onp led alcohol, both of w Inch ai e signihc.uit at the 0 01 lev cl {P < 0 01) 
When cholcstciol and cholic acid vvcic omitted fiom the diet (Tabic III) 
the avciagc scium cholcstciol level (103 mg pei cent) of the alcohol fed gionp 
was slightlv highci than that of the watei fed ammals (82 mg pei cent) 
Dictai} magnesium hid no cftcct on seium cliokstciol levels in eithei group 
The hcait scoies, as expected, in this gioiip wcic /eio 

Maximal weiglit gam ol alcohol fed animals occmicd at dietaiv magnesium 
levels of 9G to 192 mg pei cent while watci fed ammals grew maximallv at 
12 mg pel cent 
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Table IY. Effect of 20 Per Cent Alcohol and Maone.siom on Gastkointestinai, 

Hemorrhage 


MAGNESIUM (MG. PER CENT) | 

ATHEROGENIC 1>!ET 

1 nonatherogenic diet 

12 

3/8* 

4/8 

24 

2/8 

2/8 

96 

0/8 

1/8 

192 

1/8 

1/8 


•Niinibcr of animals dying witli G1 heinorrhage. 


In contrast to Experiment I, alcohol did not prevent renal tuljular micro¬ 
lithiasis. The addition of magnesium to the nonatherogenic diet with and 
without alcohol and to the atherogenic diet without alcohol significantly reduced 
the K/B ratio bnt did not reduce the elevated ratio in animals fed the athero¬ 
genic diet and alcohol (Tables I, II, and III). In general, the atherogenic diet 
alone caused greater K/B ratios than did the nonatherogenic diet. IIowei-er, 
even when large amounts of magnesium were added to the atherogenic diet the 
K/B ratio remained elevated. It was also noted that alcohol tended to increase 
the K/B ratios of animals fed the atherogenic and nonatherogenic diets. 

Fourteen alcohol-fed rats in Experiment II died with moderate to marked 
gastrointestinal hemorrhage. The largest number of deaths occurred in those 
rats fed the low-magnesium diets (Table IV). There was no significant differ¬ 
ence between the groups fed cither the atherogenic or nonatherogenic diet. The 
stomachs and intestines were partially to completely filled with changed black 
or brown blood. On gross examination, a few stomachs were locally congested 
and showed petechial-like hemorrhages i)i the glandular portion. No ulcerations 
were found in either stomach or duodenum. ^Microscopic examination of the 
stomach and duodenum revealed only sliglit to moderate autolj’sis of the glan¬ 
dular portion of the mucosa. 

DISCUSSION 

Weanling rats fed the cholesterol-cholate diets regularly developed hyper¬ 
cholesterolemia. The addition of 20 per cent alcohol to this diet caused as much 
as a twofold increase in the degree of hypercholesterolemia, although the food in¬ 
take was approximately one-third less. This is essentially in agreement with 
the studies of Bberhard® who noted elevated serum cholesterol levels in alcohol- 
fed rabbits on an atherogenic diet. 

The cause of the elevated serum cholesterol levels associated with alcohol 
intake is not clear. Whether alcohol facilitates the absorption of chole.sterol, or 
promotes endogenous synthesis of cholesterol, or impedes the degradation of 
endogenously produced cholesterol are questions which remain to be investigated. 

On gross examination, livers of both the alcohol and water-fed animals on 
the athex’ogenie diet were enlarged and pale. Microscopic examination revealed 
slight fatty vacuolization of hepatic cells in both gi-oups of animals. Thus, it 
was not possible to correlate the variations in serum cholesterol lei’els with the 
liver morphologj'. 

Animals ingesting alcohol did not consume a 10 per cent protein diet. Since 
the amount of alcohol ingested comprised part of the total caloric intake, the 
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proved. Purtliermore, tlie alleged reduction in athero-selerosis attributed to al¬ 
coholism may indeed be d\ie to the effect of alcohol upon the dietary habits of 
alcoholics, M'ho in general, eat fewer calories, fat, and protein dui’ing pei’iods of 
intensive didnking. Further clinical studies correlating, at least, dietaiy habits, 
serum cholesterol, and magnesium levels with the degree of atherosclerosis are 
indicated before one can relate alcohol ingestion imr se to atherogenesis. 

The apparent contradiction between the results reported here and those of 
Ebei’hard*’ and more recently Nichols and associates’ who found that alcohol did 
not promote the development of atherogenesis in rabbits and chickens maj^ be 
partially explained by the higher levels of protein used by these investigators. 
It seems likelj”^ that the atherogenic effect of alcohol is mediated in part b}' an 
increased magnesium requirement. This effect is apparent only at low levels of 
protein. Vitale and co-workers" demonstrated that high dietary magnesium did 
not exhibit any protective effect on heart sudanophilia when 20 per cent protein 
was incorporated into diets containing 1 per cent cholesterol and 0.3 per cent 
cholate. Thus, a diet high in protein /nay /iiask tJie effect of alcohol in increas¬ 
ing the magnesium reciuirement. 

The results of these studies and other.s=^ raised the question as to whether 
or not cholesterol and cholic acid aggravated the kidney lesions atti’ibuted to 
low-magnesium diets. It is not possible to distinguish the kidney of an animal 
fed an atherogenic diet from that of an animal fed a nonatherogenic diet by 
weight alone. In e.xperiments reported by Ilellerstein and associates” feeding 
cholesterol and cholic acid usually increased the amount of renal tubular micro¬ 
lithiasis and, indeed, tubular calcification has been used as an indication of 
magnesium deficiency. In the present study, this finding was not constant. On 
the other hand, the ratio of kidney weight to body weight was always elevated 
in animals fed cholesterol and cholic acid, and it appeared that the gross mor¬ 
phology, coupled with the kidney to body weight I’atios, was a more consistent 
index of magnesium deficienej’ in cholesterol and cholic acid-fed animals than 
was renal tubular calcification. In subsequent studies, Vitale and assoeiate.s'" 
also made these observations. 

Oa.strointestinal hemorrhage was noted in 14 rats which died prior to the 
termination of Experiment II. All 14 animals were on 20 per cent alcohol and 
there was no significant difference between the groups fed atherogenic and non- 
atherogenie diets. Increased levels of dietary magnesium protected the rat 
against gastrointestinal hemorrhage. Unfortunately, postmortem autolysis in¬ 
terfered with the histologic study of the upper gastrointestinal tract and may 
have masked gastric lesions. 

SU.MltARY 

Weanling male I’ats were fed diets made atherogenic by the addition of 1 
per cent ehoie.sterol and 0..3 per cent cholic acid. One gi’oxip of animals received 
20 per cent alcohol as the only source of fluid and another gi'oup received water, 
ilagnesium was added in the form of magnesiinn oxide in varying concentra¬ 
tions from 6 to 192 mg. per 100 Om.'of diet. 

The re.sults of this study demon.strated that rats fed an atherogenic diet 
and 20 per cent alcohol ate approximately 35 per cent le.ss food but had higher 
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scuim clioksteiol It\cls and mote e\tuisi\c ^asLuldl sudanopliilia than lats led 
an atheiogtnic diet ^\atel High le\Lls of dietan magneMum loweied tlit 
amount of lipid deposition 

It was also sho^vn bj the kidnej piohic and \\eight gain tint alcohol in 
cicased the maguesuiui lequuemcnts of aiiunals led the basic diet, and that 
the addition of clioksteiol and ehohe acid accentuated the deheicnc\ Possible 
methanisins foi these obsei\dtions weic discussed 
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SERUJI CHOLESTEROL LEVELS IN ATHEROSCLEROTIC PATIENTS 
TREATED WITH ORAL ANTICOAGULANTS 

P. A. Herbert, M.D., R. E. Beamish, M.D., and W. P. Perry, M.D. 

Winnipeg, Canada 

A nticoagulant therapy has proved to be of value in the ti’eatment of 
the thrombotic complications of coronary atherosclerosis. However, other 
possible actions of the oral anticoagulants have not been intensively studied. 
The direct-acting anticoagulant, heparin, has antilipemic properties and pro¬ 
longed heparin treatment of patients with myocardial infarction has been 
claimed by Engelberg^ to result in a lowered mortality and morbidity in such 
patients. This may be associated with the antilipemic properties of heparin. 

Although the oral anticoagulants have a different mechanism of action 
than heparin and need not necessarily have actions similar to heparin on serum 
lipids, nevertheless it seemed of interest to study the effect of these agents 
on serum lipids of subjects who had been placed on these drugs because of 
thrombotic episodes or evidence of impending thrombosis. 

METHODS 

Five groups of patients wore studied. The iirst group consisted of S individuals 
treated with phenylindanedione; the second consisted of 10 subjects who received aceno- 
coumarin; and a third group was composed of 6 patients who were given ethyl biscouni- 
aeetate.* The age range in each of these 3 groups was from 50 to 70 years. All these 
patients had evidence of impending myocardial infarction or had e.xperienced a recent 
myocardial infarction; these two tj-pes were distributed equally throughout the three 
groups. 

Since many of the atherosclerotic subjects in all groups had shown evidence of 
vascular disease, the majority had been placed on diets of moderate fat and caloric in¬ 
take months or weeks previous to the study. The rigidity of adherence to these diets 
is not known, but the diets of all patients, as far as could be ascertained, remained the 
same during the periods of observation. 

The anticoagulants were administered orally in divided doses daily in amounts 
sutScient to maintain the prothrombin time, estimated by the one-stage method of 
Quick, between 25 and 30 per cent of normal. Blood samples were taken at intervals over 
the first 10 weeks of therapy and again over a period between 24 and 32 weeks after 
starting therapy. 

Another group, consisting of 7 middle-aged atherosclerotic subjects, receiving no anti¬ 
coagulant therapy, were observed over a 6-week period. A fifth group of 5 atherosclerotic 
individuals were treated with heparin in doses insufficient to produce anticoagulation. 

From the Departments of Pliysioiogy and Medical Research and Medicine, University 
of Manitoba, Winnipeg. Canada. 
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In the latter group all subjects had blood samples taken before starting treatment 
lliej \\etc then given 200 rag of herapm subcutaneouslj everj 48 hours over a 6 week 
period, blood samples were taken 2 da\s after the first dose of heparin and thereafter at 
approxuuatel) weeklj intervals 48 hours after an injection of heparin and just prior to the 
next injection 

The blood samples were centrifuged and the separated serum cither analj/ed the 
same daj or quicklj frozen and stored at -15* C and analyzed later Ihe following 
determinations were made on the sera of the patients total scrum cholesterol bj the 
method of Pearson and assoeiates”, total serum hpids using the turbidimetnc method of 
Kimkel and co workers^, and serum lipoprotein was determined bj paper electrophoiesis 
after the method of Jeucks and associatesThe separated lipoproteins were stained with 
oil red O The stained lipopiotcins were eluted with metlianolic chloroform and the opti 
cal densitj measured in a Beckman model B spectiophotomcter The /3 lipoprotein was 
expressed as a per cent of the sura of the optical densities of the a plus /? lipoprotein lipiil 
Duplicate deterimnations agreed within 7 per cent Lipoprotein determinations made on 
the 24 to 32 week samples were incisured with in automvtic seannmg device (Spinco 
Ainljtrol) Ribults obtunel bj '<eaniinig iiul ilutiiig the same strips were similar 



Flff 1 —The serum cholesterol total serum lipids ami lipoprotein levels in atherosclerotic 
patients receiving anticoagulants 

RESULTS 

It Will be seen fiom Pig 1 that significant (p < 0 05) eletations occurred 
follotxing the initiation of tieatment with the coiimaiin deinatixes, aceiio 
eoinamin and ethjl biscoiimacetate Ilowevei, xtlien inxestigated again aftei 
24 to 32 weeks, the seium cholesteiol in these patients had letuiiied to the le\els 
found at the beginning ot anticoagulant theiapy This use following treat 
nient was not appaient in the siimlai patients who leceixed phen3lindanedioiie 
The contiol gioup of untieated atheioscleiotic patients showed no significant 
sanation in the seium cholesteiol ovei a 10 week period of stud> In the 
hepaim tieated gioup no signifienit alteiatioiis in cholesteiol were found o\ei 
the G week peiiod this theiapy x\as earned on 
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The total serum lipids tended to parallel the serum cholesterol levels; 
significant elevations were noted following acenocoumarin and ethyl biscoiim- 
acetate therapy, but no real changes occurred in the untreated group. In the 
heparin-treated group the total serum lipids fell significantly from the pretreat¬ 
ment levels but this decrease was not maintained. 

No significant changes were observed to occur in the |S-lipoprotein measured 
as a per cent of the total lipoprotein except in the subjects treated with heparin. 
In this group there was an early fall in the proportion of /S-lipoprotein which 
was maintained for 2 weeks and thereafter tended to return to pretreatment 
values in some of the subjects. 


DISCUSSION 

There is an apparent difference between the serum cholesterol of the groups 
treated with acenocoumarin and ethyl biscoumaeetate and the group treated with 
phenylindanedione. In the acenocoumarin and ethyl biscoumaeetate groups, 
significant elevations in senim cholesterol occurred but these did not appear 
to be maintained. No changes were apparent in similar patients treated with 
phenylindanedione. Bernard-Griffiths® has reported that a combination of small 
doses of Dieumarol and choline given to atherosclerotic individuals produced a 
slight increase in serum cholesterol. Although not strictly comparable with our 
studies, this report and our findings with the coumarin derivatives are in accord. 
Reinis and co-workers® have reported that administration of ethyl biscoumaeetate 
to cholestei'ol-fed rabbits accelerates the rate of increase in serum cholesterol and 
rate of evolution of atheromatous lesions which usually follow cholesterol feeding 
in the rabbit. 

There are several possible explanations for the difference in the serum cho¬ 
lesterol values of the patients treated with the coumarin derivatives. The 
eoumarins may have brought about a decreased catabolism or an increased s.vn- 
thesis or absoi’ption of cholesterol, or they may have caused a mobilization of 
cholesterol from vascular plaques. Whatever the mechanism, it does not appear 
to be persistent, for by the twentieth week of treatment the cholesterol level was 
back to pretreatment values. 

The lack of response of serum cholesterol in the heparin-treated group is 
in accord with the findings of others.*’ ® However, the total serum Iqjids and the 
/S-lipoprotein fell in these individuals. These results are in agreement with 
those of Softer^ who reported a fall in total serum lipids in subjects treated with 
heparin. These changes may be in some way related to the clearing of an ali- 
mentai’y lipemia which follows heparin injection. In the present series, all sub¬ 
jects showed initial changes in total serum lipids and lipoproteins after heiiarin 
injections were started. However, in 3 subjects these changes were not main¬ 
tained and the lipid levels and /?-lipoprotein were observed to have returned to 
pretreatment levels in the blood samples taken 4 weeks after the institution of 
treatment. 

The findings reported here indicate that diooumarin derivatives, particularly 
acenocoumarin, temporarily elevate the .serum chole.sterol and total serum lipids. 
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Wlietliei 01 not this is of any iinpoitaiice in the use of those agents as anti 
coagulants m atheioscleiotic patients leinains to be dctei mined 

SUAIM \R\ 

Atherosclerotic subjects ueie tieatcd with hepaiin oi the oral anti 
coagulants, phenylmdanodione, oi dieouinaiin deiivati%es (accnocoumaiin and 
ctliyl biscouinacetate), and the seiuin cholcsteiol, total seium lipids, and /? lipo 
pioteins weic measuied 

III the phenyhndanedione tieatcd gioup no significant change occuiied in 
au> of these seiuin lipids In patients tieatcd with acenoeouniariii and eth>l 
biscouinacetate, elevations occuiied m the seium cholesteiol and total seium 
lipids which weie maintained foi at least 10 weelcs but weie back to pietieatnient 
IcNcls aftei 24 to 32 weeks of tlieiapj 

Ill none of the gioups treated with oial anticoagulants weie any significant 
alteiatioiis m the y? lipopioteins noted 

In the gioup tieated with hepaiiii no change was noted in the seium 
cholcsteiol leiels but significant falls weie found in the levels of total seium 
lipids and beta lipopioteins 
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STUDIES ON ERYTHROPOIESIS 

X. The Use of Bone Marrow Tissue Culture in Dejionstrating 

Erythropoietin 

Wendell P. Rosse, and Clifford W. Gurney, M.D. 

Chicago, III. 

I N RECENT years, the kinetics and controlling mechanisms of erythrocyte pro¬ 
duction have been studied extensively. One of the most important and inter¬ 
esting results of these investigations is the demonstration that a humoral sub¬ 
stance (s) (erythropoietin) is responsible, at least in part, for the increased 
ei’ythropoiesis in response to hemoiThage,^'^ hemolytic anemia,hypoxia,""® and 
cobalt administration.® Furthermore, indirect evidence has been accumulated 
showing that the amount of this factor (s) is decreased when the production of 
ei’ythrocytes is reduced as in transfusion-induced polycythemia*® and hyper- 
oxia.** 

To date, nearly all assays of erythropoietic activity have been carried out 
in whole animals. Increases in reticulocyte, hemoglobin, and liematocrit values,®'* 
as well as the increase in radioiron uptake,*- ® have been used as parameters in 
assessing the effect of erythropoietin-rich serum on normal, starved hypophy- 
sectomized, or polycythemic animals. Qualitative estimates of erythropoietic 
activity in the spleen and bone marroiv have also been used as evidence of the 
presence or absence of erythropoietin.*® However, only one report*® of the 
quantitative estimation of the effect of serum rich in erytliropoietin on pro¬ 
liferation of erythrocyte precursors was found in the literature. 

The improvement in tissue culture techniques has made it possible to main¬ 
tain tissue cells in vitro. It is the purpose of this paper to present some experi¬ 
ments wherein the effect of different sera upon bone marrow cells grown in 
tissue culture is measured quantitatively. 

3IATERIALS AND METHODS 

The chambers used in these experiments for tlie cultivation of tlie marrow cells were 
a modified version of the Alackaness and Smith monocyte culture chambert (Fig. 1, A and 
S).i3 This consists of a block of unplasticized Perspex 4.9 by 3.2 by 0.22 cm. In the 
center, circular holes with a diameter of 23 mm. are counterbored from each side to within 
1.5 mm. of each other, and a hole, 19 mm. in diameter, is drilled completely through. Thus the 
central hole is surrounded by a recessed border on both sides. Prom the side, two small holes, 
0.7 mm. in diameter, are drilled into the central hole. The plug consists of two parallel 

From the Argonne Cancer Research Hospital. United States Atomic Energy Commis.sion, 
and the Department of Medicine, The University of Chicago, Chicago, lii. 

Received for publication June 30, 1958. 

•Present address: Duke Hospital, Durham, N. C. 

tObtained from H. G. East & Company, Oxford, England, and constructed in tlie Engi¬ 
neering Division of the Argonne Cancer Research Hospital, Chicago, III. 
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wiics of sin illci dnnicter set m a sm*ill piece of pHstic at tlie same distance apirt 

IS the two lateral holes A Perspex ring, 1 mm high and 6 mm inside ind 8 mni outside 
diameters, from which a small arc his been icmorcd completes the apparatus 



B 

parts of the niodifled Alackaness and Smith monocjte culture 
Upper left, main block middle left cover glasses lower left 
ht inverted shallow well glass slide used to support main block 
[odlded Mackaness and Smith monocyte culture chamber fully 

The plastic chamber is constructed after sterilization in dry heat (100 to 105“ C ) for 
I hour, using parathn (melting point 5b to 58" C) A chemically clean and stenle circular 
cover slip, 22 mm m diameter, is placed on one recessed border and secured with melted 
wax The chamber is inverted after cooling, and the previously waxed central ring 13 placed 
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SO that a needle may be inserted through a lateral hole and into the center of the ring 
tlirough the missing are. A cover glass is placed on the top recessed edge^ and the bottom 
cover glass is gently heated to melt the wax on the central ring, thus securing it. The top 
glass is then secured with melted wax. 

The culture medium used was Earle’s salt solution’* with added vitamins,* amino acids,* 
and glutamine* in amounts twice Eagle’s specifications.i^-U' The serum used was taken 
under sterile conditions by cardiac puncture from Holtzuian strain rats that had been fasted 
overnight. The following sera were tested: (1) serum from normal rats weighing 200 to 
300 grams (normal serum); (2) serum from rats that had been made anemic by hemorrhage 
on two consecutive previous days and in which the hematocrit was less than 25 per cent 
(anemic serum); (3) serum from rats given cobaltous cldoride (25 /iM per 100 Gm. body 
wt.) with tracer amounts of radioactive cobaltou ten hours previously (cobalt senim) ; (4) 
normal rat serum with an amount of cobaltous chloride added in vitro equal to the amount 
present in the cobalt serum, (cobalt control serum); and (a) serum from rats that had been 
lendered polycythemic by tranfusion of erythrocytes equal to 4 per cent of the body weight 
given over a period of 3 days and in which the hematocrit was 65 to 70 per cent (poly¬ 
cythemic serum). 

The marrow cells were obtained by means of sterile dissection of both femurs of a 
rat killed by cervical fracture and were placed in 5 ml. of Eagle’s salt solution to which 
Versenate (disodium ethylenediaminetetraacetate) had been added in a concentration of 1.5 
mg. per milliliter. The cells were agitated, and the multicellular clumps allowed to settle 
to the bottom by tilting the tube at an angle of 45 degrees in ice water for 5 to 10 minutes. 
The supernatant suspension of single cells and smaller clumps of cells was removed and 
centrifuged for 10 minutes at 1,200 r.p.m.; the acellular supernatant was removed. The cells 
were resuspended in enough Eagle’s medium (without senim) to make a concentration of 
6,000 to 8,000 nucleated cells per cubic millimeter. Two parts of this cellular suspension 
were added to 1 part of each of the sera being tested. Likewise, 2 parts of Eagle’s medium 
were added to 1 part of each of the sera, making the medium complete. 

Inside the ring of each chamber was placed 0.06 ml. of the cellular suspension by means 
of a tuberculine syringe equipped with a No. 22 needle. The space between the ring and the 
main part of the chamber was partially Oiled with the corresponding complete medium, leav¬ 
ing an air bubble. The plug was dipped in a 1:1 mixture of paraffin and yellow petrolatum, 
and the wires were inserted into the 2 lateral holes. The chambers were incubated at 37° C. 

and rotated at intervals of 6 to 12 hours. Ten to liftecn replicate cultures were prepared 

for each serum tested. 

At specified time intervals, the upper cover glass ^vas removed and tlie ring loosened. 

The medium was agitated gently to remove all cells from the bottom and was carefully 

aspirated and measured with a tuberculin syringe graduated in 0.01 ml. units. The chamber 
was washed twice with 0.2 nd. of 2 per cent acetic acid, and the recovered wash fluid was 
measured. No cells remained on the bottom cover glass. The number of nucleated cells per 
cubic millimeter was counted without further dilution on a regular Neubauer hemocytometer; 
two separate aliquots were used. The total number of cells removed was calculated. This 
process was performed on 3 cluvmbers of a particular serum at each time. 

Slides for differential count were made on 2 chambers of each serum at each time. The 
top cover glass was detached, and the supernatant fluid was removed carefully while the 
central ring was still attached. The cells remaining on the bottom cover glass were quickly 
air-dried and stained with Wright’s stain after removing the cover glass from the chamber 
and the ring from the cover glass. The cover glasses were mounted, cells downward, on 
regular glass slides and labeled so tliat they could be counted as unknowns. Differential 
count of 1,000 ceUs on each slide was performed in a systematic fasliion, counting the cells 
in separate microscope fields along the horizontal, vertical, and (occiisipnally) diagonal diant- 
eters of the cellular area. 

•Obtained from Microbiological Supplies. Bethesda, Md. 
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From tliesc d ita, tlio total jiuiubcr of any iiiiticular cell type or tjpts t ui be 
t ilculated 

umber ut tjpe V llIN = (total etlls pei iiini * \ mm J) x 
RkSULlS 

Tile numbei of ettthiocttie pieciusoib uas pJotted aganist time oi JiJtiiba 
tioii (sec Figb 2, 3, and 4) In the pxescncc of iioimal seium the numbei ot 
these cells deeieascd lineailj tluoughoiit the 24 houi pciiod In cultuics in 
Liibated nith anemic seiiiiii, the mimbci of these tells inticased diuing the 
fust 12 hoiiis and dccieased duiiiig the setoiul 12 hoiiis Cobalt seiuni elicited 
the same icsjionsc, and eultuies incubated in cobalt contiol seiiim behaved 
similai to those in iioimal seium 'With pohcythemie seiiim, the numbei ot 
eiythiocjte pietuisois at 12 houis was significantly below the numbei in tub 
lines using noimal seium Duiing the following 24 houis (12 to 36 hom men 
batioii) the numbei of ei\thioe\tc pittiiisois in the pohcythemie eultuies was 
low Cl than in the noimal tultiucs but the difftience was not so sti iking 


—“ ■" “ 35 V» Noftnol Serum 
——— 33 V» Anemic Serum 



TIME OF INCUBATION (hours) 

2 —Total number o£ erythrocyte precuiiors in bone niarroiv tissue cultura, i,ru'vn an 
normal and anemic sera 

The numbei of each of the eiythioeyte piecuisois (lubiiblast, piorubiicyte, 
lubiicyte, and metaiubucvte) was analyzed foi each of the time mteivals 
(Tables I, II, and III) In 3 out of the 4 expeiiments (anemic oi cobalt 
seium), It was observed that at 12 hours the numbei of metaiubucy tes was in 
Qieased above the oiigmal numbei at 0 lioui, this mciease was maintained 
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Fig. 3.—Total number of erythrocyte precursors in bone marrow tissue cultures grown in 
normal, anemic, and polycythemic sera. 


■ " ■ 33% Normol Serum 

. 33% Anemic Serum 

' 33% Cobalt Serum 

(Co** given to rots) 



TIME OF INCUBATION (hours) 

Pig. 4.—Total number of erythrocyte precursors in bone marrow tissue cultures grown in 
normal, anemic, cobalt, and cobalt control sera. 
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througli 24 houib In one e\peiiment with anemic serum (E\peiiment 3), tlie 
numbei ot metarubiicjtej, was onh slighth higliei at 12 houis and had de 
cieased bj 24 iioiub At this same intei\al the numbci of lubiicjtes and pio 
inbiicjtes was incieased o\ei the oiiginal numbei and was consideiabh highei 
than tliG numbei of these cells in noimal cultuies Duiing tlie second 12 houi 
pciiod, the numbei of these cells decieased at a late gieatei than that seen in 
noimal cultures Rubiiblasts aie so scaice in these ciiltuits that clianges in 
then numbei cannot be aecuiateh assessed 


T\BrB I (EMERIMENT 1) IsUilBLRS VND PLRCENTVCES (OF TOTVL XLCIILVTFD CeLLS) OF 

Er\thpoc\tf Ppeclfsors in Bone Mvrrow Cultured With Normu wd \\emic 
Sera Aptfr \ \k\i\< l\Tfft\iisot /sclbction 




12 

IIULRS 

24 

HOLRS 

IKLCURSOP 

0 HOUR 

NORMAL 

1 \NEM1C 

NORM VI 

\^NEMI(’ 

Total cell count 

'101,240 

207,430 

271,170 

199,030 

240,480 

Metarubriejte 

Number 

2(j,S10 

44,130 

45,010 

30,540 

43,090 

Per cent 

89 

1G5 

IGO 

15 3 

178 

Iiubric 3 te 

Number 

28,G1Q 

17,380 

37,090 

8,980 

15,710 

Per cent 

9o 

G5 

13 D 

45 

64 

Prorubnej te 

X umber 

24,010 

5 SoO 

21,060 

1,200 

5,1j0 

Per cent 

80 

20 

SI 

00 

2 1 

Hubriblast 

Number 

2,410 

2G70 

2,980 

200 

490 

Per cent 

08 

01 

1 1 

0 3 

02 

Total eiythrocjte 
iirccurbors 

Nunibir 

79,430 

G9 530 

107,640 

40,920 

05,040 

Per (Lot 

27 2 

251 

39 7 

20 5 

20 0 


Tabib ir (Experimlnt 2) Numbers avu Percentages (of Total Nucleated Cells) oi 
Fr\thpoc\tf Precursops in Bone Marrow Cultured in Xormm, \nfmic, \Nn 
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When pol>cytliemic seium was used theie uas a deciease in the number of 
mUaiubiicytes and lubiicjtes that was mote rapid than that seen in noimal 
ciiltiues during the fiist 12 houis 


DISCUSSION 

Nonnal Seium —The hneai deciease of eiythrocytc piecuisois m noimal 
cultuies IS the product of intciaction of sevcial factors Tlie numbci of pie 
cuisois piesent at any time lepiesents the balance between piolifeiation, cell 
death, and matuiation to aniicleai eiythrocjles dining the pieceding peiiod of 
time Cell death may be large in these cultmes because the en\iionmental 
conditions in the chambei aic suboptimal when compaied with maiiow in situ 
Piolifeiation is piobably decicased and matuiation incieased by “piogiessne 
maturation of the cultuie ” i e, the tendenc} of all the cells in the ciiltuie to 
mature and thus become incapable of dividing and maint lining the line Os 
good” emphasized that when an immatuie cell divides, one of the daiightei 
cells must remain immature and the otliei must matine if the noimal numeiical 
lelationships arc to be maintained Tlieie is good evidence that tins delicate 
balance is not mamtamed in these cultuies since the piopoitioii of metaiubii 
cjtes and segmented neutrophils to total enthioQte piecuisois and total grami 
locytes, respectively, incieases and the piopoition of moic immatiue foims 
decieases with time Thus all factois tend to deciease the numbei of eiytluo 
cjtc piecuisois dining any time mteiial 

Anemic Seium —The inciease in the total number of enthioeyto pio 
cuisois dining a 12 houi incubation with anemic serum suggests tliat the enth 
Iopoietic stimulating factois(s) (erythropoietin) is piesent in anemic seium 
in a foim that is directh usable by the bone maiiow cells The pioliferatno 
stimulatoiy effect of this factois(s) is appaiciitly upon tlie pioiubucytes and 
lubricy tes 

As in the noimal cultuies the decline in ciythiocyte piecuisois dining the 
second 12 lioins is tlie lesult of 3 piocesses proliferation, cell death, and mat 
uration Again, piogiessne matuiation of the cultuie is occurring, this tends 
to offset am stimulatoiy effect of tlie seium on piolifeiation by leducing the 
iiumbei of cells that are capable of diMSion It is impossible to state with 
ceitainty whetliei nidtiuatiou of single eijtluocvte piecuisois aud/oi piogres 
sive matuiation of tlie cultuie is hastened by the stimulatoiy effect of the anemic 
seium The more lapid decline in rubiicytes and pioiubiicytes dining tins 
peiiod suggests that both individual and piogiessne matuiation aie probabh 
liastened by tlie active seium 

Cohalt and Cohalt Control Serum —^^Vhen cobalt serum was used, thoie 
was evidence of stimulation to the same degiee as in anemic seium When 
cobalt control seium was used, no such activity was demonstiated These facts 
substantiate the findings of Goldwassei and associates^ ” that the eiythropoietic 
effect of cobalt is mediated tliiougli a humoial mechanism (eiythiopoietin) 
In addition, the almost exact coriespondence of enthroeyte piecuisois in the 
cultures grown with cobalt control seium and tiiose giown with noimal seium 
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indicates that there is no direct effect of the ion on the bone marrow at these 
concentrations. These results are in agreement with the observations of Laforet 
and Thomas^^ who found no direct stimulatory effect of cobalt ion on bone mar¬ 
row when oxygen levels and heme sjmthesis were analyzed in cultures. 

’Polycythemic Herum .—^When animals are rendered polycythemic by trans¬ 
fusion, the amount of circulating erythropoietin is presumably reduced because 
the amotmt of oxygen at the site of production is increased and thus the stim¬ 
ulus for production is reduced.^^ Ei'ythi’opoiesis in the transfusion-induced 
polycythemic mouse spleen is reduced.^® In the present experiments, the lower 
number of erythrocyte precursors in polycythemic cultures as compared Avith 
that in normal cultures at 12 hours is presumptive evidence that the amount 
of erythropoietin is greater in normal serum than in polycythemic serum and 
that erythropoietin is necessary to maintain a “normal” state of erythropoiesis. 
(HoAvever, the presence of an inhibitor of erythropoiesis in the polycythemic 
serum cannot be ruled out Avith absolute certainty.) Erj’thropoietin appears 
to be one of the controlling mechanisms in the normal state and not merely an 
emergency mechanism to stimulate erythropoiesis during stress. 

Errors of Measurement .— The over-all effects of the various treatments are 
clear fx’om examination of Figs. 2 to 4. Although 3 chambers Avere used to deter¬ 
mine each total cell count, ordinarily only 1 or 2 differential counts Avere made 
for each treatment at each time. Thus, Ave can measure directly the precision 
of a total cell count but not that of differential count or of their product, the 
total erythrocyte precursor count. HoAvever, in some preliminary e.xperiments 
replicate differentials counts Avere made, and Ave have used these to measure the 
precision of differential counts. 

It Avas found that the coefficient of variation (standard deviation divided 
by the mean count) of repeated total counts Avas approximately 12 per cent 
(someAvhat smaller for the zero hour counts) and consequently the coefficieiff of 
variation of the average of 3 siAch counts, being less by a factor of 1/V3, is 
approximately 7 per cent. For counts in the neighborhood of 200, the standard 
error is thus approximately 14, and the differences in total count at each time 
do not greatly exceed Avhat might be expected on the basis of measurement error 
alone. 

The coefficient of variation of repeated differential counts is approximately 
14 per cent. Since the total erythrocyte precursor coimt is the product of the 
total cell count and the differential count, its coefficient of variation is approxi¬ 
mately V7= + 14'- per cent, or about 16 per cent. For counts in the neighbor¬ 
hood of 80, the standard error is thus approximately 13, and the differences in 
erythrocyte precursor total counts are appreciably larger than the estimated 
magnitude of the measurement error. 

SUMMARY 

The effects of 5 different types of serum upon erythropoiesis in bone marroAV 
tissue culture have been tested, using a modification of the IMackaness and Smith 
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chdinbei Eagle’s incdmni and test seiiiiii in a 2 1 propoition ^\ele used as nu 
tiiciit medium Total and diffeiential cell counts ^\elc done after 0, 12, 24, 
and, in one case, 36 liours of incubation at 37® C Cultuies sustained with 
noimal lat seium shoued a deciease m the luimbei ot eijtluocjte piecuisois 
uhich is lineal and predictable Cultuies gioun in serum from rats rendered 
anemic by bleeding shoued a marked inciease in eijtlnopoiesis after 12 lioius 
of incubation The same effect was seen in cultures grown uith serum from 
rats that had been gnen cobaltous chloride (25 /tin per 100 Gm body wt) 10 
hours before the removal of the serum When cobalt ion was added to normal 
serum in vitro to the same final concentration as found in the serum from 
injected rats, the resultant combination had no effect on eij thiopoiesis When 
serum from rats rendered poljc^themic was used, a marked decrease in eijthro 
poiesis was noted after 12 hours of incubation 

These experiments give further evidence of tire existence of a humoral fac 
tor (s) (erjthiopoietm) that stimulates cr^tinopoiesis, and, nr addition, establish 
that the substance(s) circulates in a form that is ieadil> available to the bone 
iiianow The stimulator} effect of cobalt on er}thropoiesis is thiough this 
hormone In addition, there is also evidence that cijthropoietm is present in 
serum from normal animals and also that the amount is decreased m serum 
from animals rendered polyc}themic b} tiansfusion 

N\e gratefully icknowlcdgo the efforts of Dr Paul Meier, Dcpirtineiit of Statistics 
ut llie Univer&it} of Chicago, m preparing the statistical analyses ot these experiments 
and Dr William Barclay ot llie Univer&itj of Chicago School of Medicine for hia in 
struetiou in tho coustruction and use of tho culture chambers 
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RESULTS 

llie leclox activity of leukocytes from 256 individuals was deteiauiiied. 
Normal values (negative test) were obtained in 222. This group included 
acute and chronic diseases as well as 84 normal controls. Depressed redox 
activity (positive test) was found in 34 (Table II). 



Pig. U—Coiupai-iaons of "typioal” curve.s from this study (HO normal; TJ "lupus") Avitli 
those of Chaiulhuri and Martin (20 normal; 16 "lupus"). 


The conditions in which a positive redox test was obtained were: (I) 
systemic lupus erythematosus-, (2) discoid lupus erythematosus-, (3) connec¬ 
tive tissue disorder, clinically compatible with either systemic lupus erjdhema- 
tosus or severe febrile rheumatoid arthritis, with consistently negative L.E. 
preparations; and (4) hydralazine syndrome, A total of 57 patients with 
these disorders were studied and 34 had a positive test. 


Taule II. Svmmaky ov CoNDiTioxs IN Which Positive Pepox Test Was Pound 


CLINICAL DIAGNOSIS 

NUMBER OF 

PATIENTS 

1 REDUX 

1 POSITIVE 1 

TEST 

NEGATIVE 

E.E. CELLS 
POSITIVE 

Systemic lupus erythematosus 
(untreated) 

11 

14 

0 

14 

Systemic lupus erytlienmtosus 
(on steroid therapy) 

8* 

0 

8 

8 

Discoid lupus erythematosus 

9 

3t 

6 

0 

Differential diagnosis: S.L.E. or 
severe febrile rheumatoid ar¬ 
thritis 

31 

m 

9 

0 

Hvdraiazine syndrome 

5 

5 

0 

3 


7iix~addltional patients with positive tests prior to treatment had negative tests when 
dng steroids. 

+A11 had clinical evidence of dissemination. 

tBight of these patients have subsequently had positive L.E. cell preparations or positive 


biopsy. 



Volume S3 
Number 3 


STUDIES ON ERYTHKOrOlKSlS. X 


ir, 


chamber. Bagle’fj medium and test sciiun in a 2:1 piopuitioii ucie a-, nu- 
tiieiit medium. Total and diffeiential cell counts iieie done after 0 12 "4 
and, in one case, 36 liours of incubation at 37° C. Cultuics sustained uilli 
iioimal rat serum sliowed a deeiease in the number of enthiocjto pieeursois 
wliich is linear and predictable Cultiiies giown in sciuni from lats rtmlcreil 
anemic by bleeding showed a maikcd increase in cijtlnopoiesis after T’ lloul^ 
of incubation. The same effect was seen in cultures gimin uith scium from 
rats that had been given cobaltous cliloridc (25 pm per 100 fim. body m ) ]0 
houis before tlie removal of the scrum. When cobalt ion uas addesl to norm 1 
serum in vitro to the same final concentration as found in the serum fr 
injected rats, the resultant combination had no effect on crylbroi)oic.sis \VI ' 
serum from rats rendered polycythemic was used, a maikcd deeiease in 
poiesis was noted after 12 hours of incubation. ■ 

These experiments give further evidence of the existence of a Innno 

tor (s) (erythropoietin) that stimulates erytbropoicsis, and, ni addition'"” 

tliat the substance(s) circulates in a form that is leadily a\ailablo"to'T* ''''"''*' 
marrow. The stimulatory effect of cobalt on erythiopoicsis is 'll ****"*^ 
hormone. In addition, tlieio is also evidence that erjtliropoietm 
seiuni from normal animals arid also that the amount « dcciiased'''*'*''”' 
tioiii animals londeied polycythomie by transfusion 


Wo gritefullj acknowledge the cllorts of Dr. Paul Meier. Dcparime 
ut The University of Chicago, m preparing the statistical analyses^ ol Uie 
and Dr. William Barclay ot TIic University of Chicago School of Mcdia^ 
btructiou m the construction and use ot the culture chambers hia ui 
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r)ETI]R]\riNATION OF RFDOX ACTIVITY OF LEUKOCYTES AS A 
DIAGNOSTIC AID IN SYSTEAIIC LUPUS ER\ THEMATOSUS 
f' Dwii) Coomt, MD, William R FriTb, M D, Tho’mas AIcP Broun, AID, 
\M) Ruth II AVichi i iivu&fn, AI D 
AV VSIIINGTON, D C 

I N 19')J, Clniulluiu Tiul AHitni icpoitdl a niotabolic alteiation in leukocytes 
fiom pitunts with acute disseminated lupus t lytheinatosus, as nieasuicd 1)\ 
tile ledoN test* The test is so nanud because it mcasuus both lediution and 
ONidation The leuhocyte.s of piticnts with systemic lupus eiythematosus 
(S L E ) exhibited a depicssiou of utuity as tompiud with the ttlls obtiirud 
fiom noimal subiects 'Ihe Itukoc^tes ol noimal iiiduidiials (xhibitcd di 
piessioii of icdox actuitj foHowinjj ixposuu to the pi isma of pitionts witli 
SLE 

The pusont stud} was undeitaKeii to in\(stijjati the specificity of the 
ledox leactioii piioi to attempts it idcntihcition ot the plasmi tactoi le 
sponsible foi the altcied metabolism 

MyTFUniS \ND METHODS 

Studies wore earned out on health} medical student**, patients with a variety of 
acute and chronic diseases, patients with s}stemic lupus er}thematosus (untreated and 
treated with corticosteroids), and patients receiving hjdrala/ine, as shown in Table I 
Caro was tahen to include those entities which fall withm the field of connective tissue dis 
orders, those ju winch in aller^jie or hjperseiisitivit} nnehanisiii is postulated in regard to 
I tiology, ind tlioso in winch abnornuil scrum pioteins are coiumoiily found 

Redox activit} was nuasured b} the method of Chaudhuri and JUartin i Alinutiae 
ire added here, as minor technical variations influence the acciirac} of the test 
1 Htjiariii Lnjuaemin* solium (heparin solution), '50 iiig per milliliter 
2 Saline Sterile ph}siologic solution (0 9 per cent NaCl) 

3 Dextran A 5 per cent solution is prepared and autoclaved for 20 minutes at 20 
pounds pressure (intrinsic viscositj 0 46) This solution will keep for 2 to 3 weeks, if 
refrigerated t 

4 I>}e 2,0 Dichlorophenol indophenol For stock solution, 20 mg aro dissolved 
in 200 ml of ''dime This solution ma} be kept for 2 months if refrigerated For per 
formance of the test, the d}e stock solution is diluted 1 b in saline t 
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RESULTS 

The redox activity of leukocytes from 256 individuals was determined. 
Normal values (negative test) were obtained in 222. This group included 
acute and chronic diseases as well as 81 normal controls. Depressed redox 
activity (positive test) was found in 34 (Table II). 



L’.—Comparisons of "t.vpical" eurvo.s from this study (110 normal; I'l "lupus") witli 
those of Cliaudhuri and Martin (20 normai: 16 "lupus”). 


The conditions in which a positive redox test was obtained were: (1) 
systemic lupus erythematosus; (2) discoid lupus erythematosus; (0) connec¬ 
tive tissue disorder, clinically compatible with either systemic lupus erythema¬ 
tosus or severe febrile rheumatoid arthritis, with consistently negative L.E. 
preparations; and (4) hydralazine syndrome. A total of 57 patients with 
these disorders were studied and 34 had a positive test. 


Table II. Susimary or Conditions in Which Positive Bedox Test AVas Pound 


CLINICAL DIAGNOSIS 

NUMBER OF 

PATIENTS 

REDOX 

POSITIVE 1 

TEST 

NEGATIVE 

E.E. CELLS 

POSITIVE 

Systemic lupus erythematosus 
(untreated) 

14 

14 

0 

14 

Systemic lupus erythematosus 
(on steroid therapy) 

8^ 

0 

s 

S 

Discoid lupus erythematosus 

9 

3f 

6 

0 

Differential diagnosis: S.L.E. or 
severe febrile rheumatoid ar¬ 
thritis 

21 

12t 

9 

0 

Hydralazine syndrome 

5 

0 

0 

3 


•Six additional patients with positive tests prior to treatment had negative tests when 
receiving' steroids. 

tAll had clinical evidence of dissemination. 

tBight of these patients have subsequently had positive Li.E. cell preparations or positive 
biopsy. 
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Nut bfr 3 

Fouiteeii patients ol this gioup had s>bteiuic lupus eij thtmatosus, Ij E 
Lolls weic demonstiable at the time of initial studj' and all 14 had a pobiti\e 
icdo\ test 

III a gioup of 9 patients with typical sUm lesions of discoid lupus ciy 
theniatosus, 3 positive ledox tests wcie obtained Climeally these 3 individ 
uals had signs of systemic involvement such as leuhoiiema, albuminuija, level, 
and elevated seelimentation lates, but negatne L E cell piepaiations In the 
lemaimng 6, theic was nothing in tlic ehnical eouisc oi laboiatoi} tests to 
indicate dissemination 

Twenty one individuals piesented clinically as diagnostic piobkms with 
a clinical couise compatible with sexeic febiilc iheumatoid aithiitis oi sys 
temie lupus eiythematosus LE cells weic not demonstiablc at the time ot 
01 piioi to the peifoimance ot the iedo\ test Twelve of these 21 patients 
had a positive redo\ test In 8 of these 12, the diagnosis of S L B was sub 
stantiated later, not only by the clinical couisc, but also by the dcmoustiatiou 
of LE cells 111 6 of the patients, and by biopsies compatible with the diag 
nosis of S L E in 2 others In one of these patients tlie positue icdo\ test was 
obtained 18 mouths piioi to positnc pathologic diagnosis At the time the 
iedo\ test was done, it was difficult to distinguish between the two entities 
by the clinical pattern oi these 21 patients \Yheieis 8 patients now have 
definite SLE, it has not as yet been possible to aiiive at n moic definitive 
diagnosis iii the 13 othci “febnle ihoumatoiels,” 4 ot whom liaie a positne 
and 9 a negatue iedo\ test A few ease summaries die ineliuUd to illustiale 
the elilificulty in elmical diftciontiation 

eVSE REPORTS 

CASt 1 —L E IS a 57 je'ir old white <!alesl idj with a 2 niotitli histor\ of fc\ir, hursitis 
of hotli sliouldcM, btiftness uid swelling of the pioMiiiil int< rphil iiigeal joints of both Iiinds, 
and generihzed arthralgias and mjalgias, accompanied by a weight loss of J5 pounds Plijsi 
til examination also reiealed pleural effusion m the riglit chest Laboratory studies repealed 
tho following liematocrit 36, sedimentation rate* 41 mm per hour, whito blood count 6,000 
witli normal diffiiential, STSt negatne, tot il protim 7 Giu per tent witli soium albumin 38 
uid globulin 3 3 Gin per cent, gamiiia globulin 13 units}, PPD No 1 skin test po'^itivc 
bcUeno node biopsy reiealcd old tubeieuloid gi inulomas LE preparitions were negatue 
Redox test was positive 

Case 2 —G P is a 50 year old Negro worn in with a 4 month history of fever, swilling, 
uid pain in licr ankles, knees, wrists fingers, and elbows, bilateral intis, and korititis, ic 
couipamcd by a weight loss at 20 poiiiul** Labontoiy studies were as follows hematotnt 
39, sedimentation rate 4(j mra pei Jiour, white blood count 7,050 with 5 per cent lyniplio 
cytes, STS negative, total protein 7 5 Gm per cent with ‘lerum ilbumin 2 5 and globulin 5 0 
Gm per cent, gamma globulin 20 units, sheep cell agglutination positive LE preparations 
were negative Redox test was positive 

Cases 1 and 2 aie typical of the “febrile iheuniatoids'’ m whom a positue 
1 edo\ test was found 

Case 3—G H is a 28 year old Negro stenographer with a 1 year history of pam 
and swelling of the wrists, hngers, knees, and ankles, following an episode of sore throat, 


•All sedimentation rates (Wintrobe) corrected 
tSTS = serologic test for syphilis 
tTurbldimetnc technique* 
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i’ovoi', and loft pleural pain. Cliest x-ray, taken at time of onset, revealed a left pleural 
effusion witii no evidence of tuberculosis. She had two epi.sodes of parotid gland swelling for 
wliioh specific etiology could not be determined. Laboratory studies were as follows; lie- 
matocrit 34; sedimentation rate 36 mm. per hour; white blood count 3,600 with 65 segmented 
lorms, 5 band forms, and 30 lymplioeytes; STS negative; total protein 8.6 6m. per cent 
with serum albumin 3.0 and globulin 5.6 Gm. per cent; gamma globulin 21.5 units. L.E. 
preparations were negative. Redox test was negative. 

Case 4. —0. L. is a 20-year-old white female student with a 3-year history of fever, 
multiple joint swelling, and pain, accompmnied by severe fatigue and weight loss. At times, 
an erytliematous skin rash has been noted on the trunk and extremities. Past history revealed 
that she had acute rheumatic fever at the age of 11. The results of laboratory studies were 
as follows: hematocrit 34; sedimentation rate 38 mm. per hour; white blood count 8,450 
witli normal differential; STS negative; total protein 7.3 Gm. per cent with serum albumin 
3.4 and globulin 3.9 Gm. per cent; gamma globulin 7 units; antistreptolysin-0 titer 166 units; 
sheep-cell agglutination negative. L.E. preparations were negative, although on one occa¬ 
sion 2 ‘ ‘ tart ’ ’ cells were found. Redox test was negative. 

Case 5.—W. P. is a 72-year-old wliite man with an 18-month history of fever, joint 
pain, and swelling involving tho knees, ankles, and proxii^ml interphalangeal joints of the 
fingers, elbows, and shoulders, accompanied by a 40-poond weight loss. Laboratory studies 
revealed: hematocrit 36; sedimentation rate 44 mm. per hour; white blood count 10,500 
»vith a slight shift to the left on differential; total protein 6.5 Gm. per cent with serum 
albumin 3.0 and globulin 3.5 Gm. per cent; gamma globulin 21 units; STS negative; sheep- 
cell agglutination positive. Chest x-rays have revealed a fibrotio infiltration in both lung 
fields which has gradually increased over a period of 12 months. Repeated studies for 
tuberculosis have been negative. L.E. preparations were negative. Redox test was negative. 

These 3 cases are typical of the “febrile rheumatoicls” in whom a negative 
retlox test was found. The similarity of the clinical pattern with Cases 1 
and 2 can be seen, the only significant difference being the results of the 
redox test. To date, L.E. cell preparations have remained negative in all 5 
and there have been no differentiating features in the clinical course. 

Case 6 .—L. P. is a 66-year-old white woman with a l-year history of pain, stiffness, 
and swelling of the hands, shoulders, knees, and ankles, as well as stiffness of the neck, 
accompanied by fever, weight loss, and repeated episodes of nonspecific abdominal pain. 
Laboratory studies: hematocrit 28; sedimentation rate 36 mm. per hour; white blood count 
5,200 witli 76 segmented forms, 3 band forms and 21 lymphocytes; total protein 6.7 Gm. 
per cent wdth serum albumin 2.5; and globulin 4.2 Gm. per cent; gamma globulin 7.5 units; 
STS negative; sheep-cell agglutination negative. L.E. preparations were negative. Redox 
test was positive. Her course was progressively downhill. She developed marked anorexia 
and irritability. She was hospitalized 6 months later and restudied. X-rays showed bilateral 
lung involvement compatible with virus pneumonia or malignancy. Fluid was noted in both 
pleural cavities. All studies for tuberculosis were negative. L.E. preparations were now 
positive. Redox test remained positive. Therapy with corticosteroids was instituted. Redox 
test was repeated after steroids were administered and was negative. L.E. cell preparations 
were repeatedly positive, while on steroid therapy. 

This ease serves to illustrate the demonstration of a positive redox test in 
a “febrile rheitmatoid” approximately 7 months prior to the demonstrations 
of positive L.E. cell preparations. In another instance, a positive redox test 
has been obtained 18 months prior to definitive diagnosis of S.L.E. 

Six patients with S.L.E., postive L.E. preparations, and positive redox 
tests were examined again after they had been placed on corticosteroid 
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theitipy In each cast the positive cuive icveited to noimal aftei steioid 
administiation (Fig 3) 

In one patient the iLdo\ test was ioutid to be iiegatue 4 houis aftei a 
single mtiavenous dose of 50 mg of h>diocoitisone As little as 5 mg of 
piednisone pei 24 houis was found to cause ie\eision of the abnoiinal ledox 
actuity to noimal Eight additional patients \\ith SLE and demonstiable 
Ij E cells weie seen by us only aftei hoimonal theiapy had been started All 
8 patients had a negative iedo\ test 



r/Af£ /A/Af/At'r£s 

Fig 3—Redox curves of 6 patients with SLC (18 determinations for each curve) before 
and after treatment with steroids (See text ) 

Five of 11 patients lecciving hydiala/inc had a positne redox test Foui 
of the 5 had symptoms of the hydiala/me syndiome at the time of study, 
IjE cells weie demonstrated m 3 The fifth indnidual was selected because 
lie was leceiMiig hydralazine m doses of 800 mg dailj He was found to 
hate positive LE piepaiations and a posititc ledox test, despite the absence 
of symptoms of the hydralazine syiidiomc Ihe G patients with a negatite 
ledox had negative L E cell piepaiations and no sjmptoms 

The dosage range of hydialazine was in excess of 300 mg pei day m 4 
of the 5 patients The othei patient had had a set ere hydralazine leaction 2 
years piioi to this study, following pioloiiged administiation of the ding 
at let els of GOO mg daily No hydralazine was given in the 2 yeai inteital 
Following deteiminatioii of redox activity, which was noimal, a single 50 
mg dose of hydialazine was adnimisteied The patient developed symptoms 
of the hydialazine syndiome and a positive redox test within 24 hours LE 
cells weie not demonstrable 

Depiessed ledox activity, symptoms of hydialazine syndiome and posi 
tive LE preparations, when piesent, leveited to noimal in all instances when 
hjdiala/me was withdiawn (Fig 4) 
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DISCUSSION 

In recent years, a number of laboratory tests have been introduced in the 
field of comiective tissue disease. The attempt is usually made to use these 
tests for a dual purpose, namely, as an aid in diagnosis and as a tool in the 
study of pathophysiologic processes. The data presented here indicate that 
the redox test may be a useful adjunct in the diagnosis and study of these 
diseases. Since the description of the L.E. cell by Hargraves and associates-’ 
many clinical syndromes have been identified as S.L.B., using the L.E. cell 
test as the principal criterion for diagnosis. 



Fig. 4.—Redox curve of 3 patients with hydralazine syndrome (17 determinations for each 
curve) before and after (2 to 11 days) hydralazine withdrawal. 

In comparison to the L.E. cell test, the redox test is technically more diffi- 
eiilt to perform. Its use, therefore, solely as a diagnostic procedure in pa¬ 
tients with an established clinical diagnosis of S.L.E. and positive L.E. cell 
preparation does not seem warranted. However, it may be of diagnostic value 
in those patients who have a clinical picture suggestive of S.L.E. but with 
negative L.E. preparations. Further, it may aid in the differentiation of those 
patients with diffuse systemic rheumatoid disease with positive L.E. cell 
preiiarations. The redox test has an advantage in accuracy, in that the test 
results are determined spectrophotometrically and are, therefore, not subject 
to the variations of technique and interpretations of suspicious or abnormal 
cell morphology. As stated by the editors of the Eleventh Rheumatism Re¬ 
view, “The status of the L.E. cell in rheumatoid arthritis is confusing because 
of the varied methods employed in performing the test, and I)eeause there 
is not complete agreement as to the characteristics which identify the L.E. 
cell.”“ Much the same comment might be made in regard to specificity. Posi¬ 
tive L.E. cell preparations have been reported in penicillin sensitivity," gen¬ 
eralized moniliasis,® hydralazine .syndrome,®'” diffuse systemic rheumatoid 
disease,’® multiple myeloma,’-'' pernicious anemia,” discoid lupus erythematosus,” 
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fungus coutaminatiou,*® Sencar-Usher pemphigus,*® niiliaiy tuberculosis,*^- 
dermatitis herpetifoniiis,** leukemia,*® and reaction to hydantoin,-® as well 
as S.L.E. To the present time, the redox test has been found positive 
only in systemic lupus erythematosus (uonsteroid treated), in discoid lupus 
when there was evidence of dissemination, in patients wth unclassified 
^‘febrile rheumatoid arthritis” whose clinical course was compatible wth 
S.L.E., and in patients receiving hydralazine when symptoms of hydralazine 
reaction have developed. It would appear that a positive redox test is highly 
suggestive of S.L.E. Thus far, wc have not encountered a patient who had 
untreated S.L.E., positive L.E. cell preparations, and a negative redox test. 

The group of patients with unclassified “febrile rheumatoid arthritis” 
has been of particular iuterest. Application of the redox test has allowed 
division into two subgroups, those wth a positive and those with a negative 
test. AVith respect to the clinical picture there were no differentiating fea¬ 
tures. In 8 of 12 patients who had a positive test, the diagnosis of S.L.E. 
was established at a later date, whereas all patients with a negative test have 
remained unclassified, both with regard to laboratory studies and clinical 
course. 

As noted above, the redox test has also been found positive in patients 
receiving hydralazine, when symptoms of hydralazine reaction have developed. 
The significance of hydralazine reaction is not clearly defined. It has gen¬ 
erally been considered that the reaction appears only after prolonged drug 
administration and, therefore, differs in mechanism, from the usual type of 
hypersensitivity reaction to drugs.****® In our experience there was no con¬ 
sistent correlation of positive redox test to dosage or duration of therapy. 
Thus far, the positive redo.x test correlated best ^vith the development of 
symptoms of hydralazine syndrome. The one patient with a positive test who 
had no symptoms had positive L.E. preparations. 

In further studies we have confirmed the observation that plasma from 
patients with systemic lupus erythematosus induces altered redox activity of 
normal leukocytes.* Pilot studies indicate that this same alteration is induced 
in normal leukocytes by plasma from patients with the hydralazine syndrome. 
The altered redox activity of leukocytes, therefore, appears to be attributable 
to a plasma factor rather than to an intrinsic defect of the white cell. It is 
of interest that a similar plasma factor can be postulated in both a drug-in¬ 
duced state and a naturally occurring disease. Further study will be neces¬ 
sary to learn more about this factor in both conditions. 

Redox activity of leukocytes returns to normal when corticosteroids 
(cortisone, ACTH, hydrocortisone, prednisone, and prednisolone) are given to 
patients with S.L.E. or when hydralazine is wthdra'wn in patients wth the 
hydralazine syndrome. Reversal of drug-induced abnormal redox activity to 
normal by factors other than drug 'withdrawal is now under study. 

The change in redox activity of leukocytes reflects a profound alteration 
in cell metabolic structure.* At the present time the site and the reason for 
this alteration are not certain. As it is possible to induce tliis alteration in 
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normal leukoe^-tes with the plasma of patients with S.L.E. and hydralazine 
syndrome, it will he of interest to attempt to isolate, identify, and further 
study this plasma factor and its effect on cells. 

SUMMARY 

The redox activity of leukocytes from 256 individuals has been studied. 
Depressed redox activity was found in 34. Abnormal activity was found in 
all of 14 cases of nonsteroid-treated typical systemic lupus erythematosus 
studied and in 8 additional patients with S.L.E. prior to definite diagnosis 
by currently acceptable methods. "When positive redox tests were obtained in 
discoid lupus erythematosus, there were other data suggesting systemic in¬ 
volvement. In 4 of 13 “febrile rheuraatoids,” a positive redox test was demon¬ 
strated. Thus far no other differentiating features in the clinical course or 
laboratory findings have developed in this group of patients. Five patients 
receiving hydralazine demonstrated altered redox activity as well as symp¬ 
toms of hydralazine reaction and/or positive L.E. preparations. 

It is suggested that depression of redox activity of leukocytes, a posi¬ 
tive redox test, may be specific for systemic lupus exythematosus and hydral¬ 
azine reaction, and could, therefore, serve as a useful laboratoiy adjunct in 
early diagnosis. 
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A MICROMBTHOD OF EUGLOBULIN FIBRINOLYSIS IN PLASMA OP 
HUMAN SUBJECTS AND SMALL LABORATORY ANIMALS 

Alfred L. Copley, M.D., Stefan Niewiarowski, M.D, and 

JOSELIANE MaRLCHAL 

Paris, France, Warsaw, Poland, and London, England 

T here exists a need for a micromethod to determine fibrinolytic activity. 

In an attempt to develop such a method, the macromethod described by 
Kowarzyk and Buluk^ and particularly used by one of us-'^ appeared to be 
suitable for adaptation to microvolumes. In this test the euglobulin fraction is 
precipitated by acetic acid and coagulated by calcium chloride. Fibrinolysis 
times of these euglobulin coagulates are then determined. This communication 
presents comparisons of plasma euglobulin fibrinolysis in human subjects, rab¬ 
bits, guinea pigs, rats, and hamstei’s, using macro- and microvolumes of plasma 

method 

Fresh o\alated plasma (1 volume part 01 II ammonium oxalate and 9 volume parts 
blood) IS obtained by centrifugation for 10 minutes at 1,500 r.pm. In human subjects 
blood was drawn from the antecubital vein or the end phalanx of the finger, in which 
a large enough wound was inflicted to secure a free flow of blood. The blood was drawn 
from the ear vein and the heart of rabbits and from the heart of guinea pigs, rats, and 
hamsters 

The two different procedures used are described in the following sections 

A Eui/lohuUn Fibrinolysis in Human, Babbit, Bat, and Hamster Plasma .—Tests in 
duplicate or triplicate are carried out as follows. To 0 05 ml. plasma in Pyrex tubes measur¬ 
ing S by 100 mm , add 0.9 ml. distilled water, containing 0 015 ml. of 1 per cent acetic 
acid. (The acidified water is prepared beforehand by mixing 90 ml distilled H.O with 
1 ml. 1 per cent CHjCOOH ) The pH, which should be determined, is approximately 5 2. 
After these tubes have been kept for 30 minutes in a refrigerator at +4° C., they are 
centiifuged for 5 minutes at 1,500 r p m. The tubes are emptied of the entire supernatant, 
then placed upside down on filter paper to dram for about one minute, during which time 
the sediment adheres strongly to the wall ot the tube. With the aid of a fine glass rod, 
the sediment is dissolved in 0 05 ml borate solution of pH 9 0. which is composed of 9 
Gm sodium chloride and 1 Gm. sodium borate in 1,000 ml distilled water The tubes are 
then placed in a water bath at 37° C and, 3 to 5 minutes later, 0 05 ml. of 0 025 M cal¬ 
cium chloride is added to the tubes which are maintained at a constant temperature. A 
coagulate forms vithin a tew minutes With all other plasma volumes employed, the 
volumes of the different solutions have to be adjusted accordingly. The tubes are kept 
in the water bath and observed ever} 5 minutes in order to see when the coagulate dis¬ 
solves 
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B LuglobuUn If thiinolysis tn Guinea Pig Plasma o» 6e>u?n—To 0 Oo lul of plasma or 
serum, 1 0 ml of acidified water is added The pll of the mixture la 5 4 After the tubes 
havo been 1 ept for IS hours in a refrigerator at -4® C, the> are centrifuged The sedi 
mtut IS then dissohed m 0 2 ml borate solution and librmoljsis is examined as soon as poa 
siblo in a sjstem composed of 0 1 ml euglobulin, 0 2 nil borate solution, 0 1 ml thrombin 
(10 units per milliliter), 0 4 ml of 0 2 per cent fibrinogen The bo\ine fibrinogen em 
plowed IS prepared by the method of Kckwick and assoeiatess and contains 90 per cent 
clottable nitrogen With all other plasma \olumcs employed, the \olumes of the different 
solutions havo to be adjusted accordingl} The tubes are kept in a water bath at 37® C 
and observed ever^ 15 seconds, the I>sis of the coagulate being noted 

RESULTS 

Table I sho^vs duplicate lesults of euglobuliii fibiiiioljjsib employing liom 
0 5 to 0 02 ml of liumau plasma from 4 healthy subjects As can be seen, duph 
catc tests usually give lathei close values of hbimolysis time Volumes ol 0 02 
ml cannot be recommended since, as is also shown in Table I, in some in 
stances the euglobulin solution does not coagulate In all oui tests euglobulin 
fibiinoljsis times weie found from 130 to 240 minutes 


Table I Euolobulik Fxurinolvsis iv Bupucvte Tests Lmilo\ino \ vrvino \mousts oi 
HuMW Plasma 




— 


IIBIUNOLYSIS 

TIMJ (MIVllES 


PLASMA 

i 




IN HUMAN SUUJICTS 


(aa) 

TllUf' 


\ 

1 

D 

1 0 1 

D 

05 

1 


17o 


1S5 

18 j 

18o 


2 


185 


175 

18 j 

195 

0 3 

1 


J70 


190 

200 

185 


2 


180 


195 

200 

190 

02 

1 


165 


190 

200 

170 


o 


175 


185 

200 

185 

01 

1 


180 


200 

240 

185 


- 


170 


190 

225 

170 

0 05 

1 


170 


190 

235 

150 


2 


175 


185 

200 

150 

0 02 

1 


_ * 


135 

no 



2 


— * 


145 

no 

—* 

•Euglobulin 

solution did 

not 

coagulate 





Tablf ir Comparison oi 

Euglobulin Fibrinolysis in Pivsmi slclrib From 

III MAN 



Venous and Capillary 

Biood 







IIBRINOLYSI^ TIMl (MINUTES) 



1 LilSM \ 



IN 


SUBJELTS 


BI OOD 

(ML ) 

i 

I 1 

II 1 

nr 

1 I\ V 1 

VI 

Venous 

05 


220 

245 


201 230 

160 


OOo 


245 

19o 

240 

210 >2o 

180 

Capillar) 

0 05 


220 

190 

245 

20o -30 

150 


In Table II a comparison is gneii of fibiinoljsis \aluLs in the plasma se 
cured from the \enous and eapillarj blood of 6 noimal human subjects As 
can be seen, there is no significant diffeience in hbrinoljsis times betuecn so 
called “capillarj^” blood secured from the finger tip and \eiious blood 
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la the rabbit both macro- and mierovolumes were found to be applicable 
only if the following procedure is carried out. The centi'ifuged sediment is in¬ 
cubated in borate solution for about 2 hours in the refrigerator; otherwise, it 
does not dissolve readily in the borate solution. Using this modification, the 
lysis time employing varying volumes of plasma (shown in Table III) was 
found to be not as constant as with human or hamster plasma. 


Table III. Ei’gi.obulis Fibrinolysis Time in Tests Employing Varying Volumes op 

Rabbit Plasma 


PLASMA 

(ML.) 

1 fibrinolysis time (hours) in rabbits 

1 I 

1 n 

1 ni i 

IV 

1 V 1 

VI 

! VII 

0.5 

4.4 

5.0 

4.2 

4.6 

6.3 IC 

3.8 

6.3 

0.3 

5.9 

6.2 

6.5 10 

3.3 

5.S 

6.1 

4.7 

0.2 

3.8 

4.5 

6.0 IC 

6.5 IC 

3.8 

6.3 IC 

3.2 

0.1 

5.9 

3.9 

4.0 

3.3 

3.1 

3.S 

4.8 

0.05 

4.3 

•4.5 

3.2 

4.5 

3.1 

5.1 

5.1 

0.02 

3.3 

3.2 

3.2 

4.2 

l.t 

3.1 

4.0 


IC = Incomplete lysis: in all these instances, complete lysis ivas found after 21 hours. 


In Table IV plasma euglobulin fibrinolysis employing 0.05 ml. plasma se¬ 
cured from blood drawn on different days from the hamster’s heart shows that 
there is no significant difference in values. Not shown in Table IV are tests 
using varying volumes of 0.3, 0.1, 0.05, 0.03, and 0.01 ml. With the exception 
of the latter volume, all others exhibited similar fibrinolysis times. In the tests 
employing 0,01 ml. plasma, the euglobulin solution did not coagulate. Eu- 
globulin fibrinolysis times varied from 75 to 140 minutes. 


Table IV. Euglobulin Fibrinolysis Microtests Employing Plasma Secured From Blood 
Drawn on Different Days Prom tub Hamster’s He.vrt 


hamster 

FIBRINOLYSIS TIME IN 

minutes 

AUGUST 24 1 

AUGUST 26 

I 

lio 

T05 

II 

115 

120 

HI 

125 

115 

rv 

no 

125 


Our findings with guinea pig plasma showed that the euglobulin solution 
does not coagulate. Guinea pig euglobnlins show potent fibrinolytic activity, 
which suggests that their own fibrinogen is readily digested. This activity may 
be determined after the addition of thrombin and fibrinogen preparations to 
the euglobulin solution. 

Table V shows the results of serum euglobulin fibrinolysis of 4 healthy and 
fasting guinea pigs. Volumes from 0.5 to 0.05 ml. guinea pig serum were em¬ 
ployed. When guinea pig plasma is used instead, no significant difference in 
values has been obtained. For this animal, therefore, serum, which is more con¬ 
venient for practical reasons, can be used instead of plasma. 

The euglobulin fibrinolysis method cannot be recommended for testing rat 
plasma. The coagulates formed from rat plasma euglobnlins are veiy resistant 
to fibrinolysis, since lysis times varied from 12 to 48 hours and more. 
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Since vvc found the use of 0 05 ml plasma adequate in older to obtain re 
suits similar to those acquiied with 0 5 ml we adopted the 0 05 ml plasma 
sample for the micromethod If volumes of 0 02 ml or even 0 01 ml were used, 
the lysis times, vvheievei the cuglobulin solutions could be coagulated, differed 
often from those obtained v\ith the 0 05 ml volume 

T\BLb \ Elglobulin Fibrinolvsis Tests EiiproviNO V vrviso Vollsies of 


Guinev Pig Sebum 

SEBUM 1 

HBRI\OL\SIS TIME (SECONDS) 

IN GUINEA PIGS 



(ML ) 

I 1 » 1 

HI 1 

IV 


05 

300 4o0 

615 

jlO 


0 J 

390 — 

690 

510 


0 1 

420 480 

7j0 

— 


OOo 

480 570 

61o 

j70 



DISCUSSION 

ICopec and Ivicvviaiouski,^ using the maciomethod, found the noimal 
fibrinoljsis time foi human subjects to be 219 minutes ± 5 minutes with a 
standard deviation ± G1 minutes According to these authors, the fibiinoljsis 
time m the euglobulin plasma fraction is influenced b> manj factors, such as tlie 
concentrations of fibrinolytic cnzjmes and fibnnogen, tlic pH with an optimum 
of 7 6, tcmpeiature, and the time interval elapsing between the collection of 
blood and the piepaiatiou of cuglobulms In noimal subjects, this tunc inteival 
does not appeal to be significant Howcvei, if fibiinobsis is activated, the blood 
samples should be piosened in an ice water batli oi the deteimination should be 
made immedmteh Tlierefore, all tests were inn diiecth aftei the blood was 
secured 

Fiom obseivations by Miistonc® and bv "Macfailane and Biggs it is well 
known that plasminogen is a chief component of the euglobulin fraction How 
ever, the eiiglobuliiis aie not completely free fiom antiplasmin and M Nie- 
vviarowska found that the antiplasmin level influences the fibrinolysis time ® 
Also the activation of fibnnolytic enzymes in euglobulins is mflucnced by 
coagulation * *’ 

Although fibniiohsis in euglobulin and wliole plasma does not alwavs lun 
parallel, as shown foi instance by Ratnoff,^* fibnnolysis of the euglobulin frac 
tiou appears to be affected bv tactois similai to those in fibnnolysis of whole 
plasma in accordance with findings by Ivopcc and Isiewiarowski^ and Nicwiar 
ovvska® However, as expeuenced bv these authors, the euglobulin metliod ap 
peais to bo moie sensitive and to give more consistent lesults than methods cm 
ploying whole plasma Tlic euglobulin metliod can also lie extended to the studv 
of fibnnolysis in othei animals 

Subsequent to these obseivatioiis the leason foi the tailurc of foimation of 
a coagulate of guinea pig euglobulin has been found in studies of the fibrinoly tic 
system in the guinea pig by Latallo, Nievviaiowski, and Copley ^ It was found 
that guinea pig plasma contains a plasmin antiplasmin complex which dis 
sociates leadilv after dilution at pH 5 3 and that the euglobulin fraction 
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Ill the rabbit both macro- and microvolumes were found to be applicable 
onl.Y if the following procedure is carried out. The centrifuged sediment is in¬ 
cubated in borate solution for about 2 hours in the refrigerator; otherwise, it 
does not dissolve readily in the borate solution. Using this modification, the 
lysis time employing varying volumes of plasma (shown in Table III) was 
found to be not as constant as with human or hamster plasma. 


Tabi.e III. Eugi.obulin Fibrinolysis Time in Tests Employing Varying Volumes op 

Rabbit Plasma 


PLASMA 

(ML.) 

fibrinolysis time (hours) in r^vbbits 

I 

II 

III 1 

IV 1 

V 1 

VI 

1 VII 

0.5 

4.4 

5.0 

4.2 

4.6 

6.3 IC 

3.8 

6.3 

0.3 

5.9 

6.2 

6.5 IC 

3.3 

5.8 

6.1 

4.7 

0.2 

3.S 

4.5 

6.5 IC 

6.5 IC 

3.8 

6.3 IC 

3.2 

0.1 

5.9 

3.9 

4.0 

3.3 

3.1 

3.8 

4.8 

0.05 

4.3 

4.5 

3.2 

4.5 

3.1 

5.1 

5.1 

0.02 

3.3 

3.2 

3.2 

4.2 

1.1 

3.1 

4.0 


IC = Incomplete lysis ; In all these instances, complete lysis was found after 21 hours. 


In Table lY plasma euglobulin fibrinolysis employing 0.05 ml. plasma se¬ 
cured from blood drawn on different days from the hamster's heart shows that 
there is no significant difference in values. Not shown in Table IV are tests 
using varying volumes of 0.3, 0.1, 0.05, 0.03, and 0.01 ml. AVith the exception 
of the latter volume, all others exhibited similar fibrinolysis times. In the tests 
employing 0.01 ml. plasma, the euglobulin solution did not coagulate. Eu¬ 
globulin fibrinolysis times varied fi’om 75 to 140 minutes. 


Table IV. Euglobulin Fibrinolysis Microtests Employing Plasma Secured From Blood 
Drawn on Different Days From the Hamster’s Heart 


HAMSTER 

FIBRINOLYSIS 

TIME IN MINUTES 

august 24 

1 AUGUST 26 

I 

115 

105 

II 

115 

120 

III 

125 

115 

IV 

110 

125 


Our findings with guinea pig plasma showed that the euglobulin solution 
does not coagulate. Guinea pig euglobulins show potent fibrinolytic activity, 
which suggests that their own fibrinogen is readilj’^ digested. This activity may 
be determined after the addition of thrombin and fibrinogen preparations to 
the euglobulin solution. 

Table Y shows the results of serum euglolmlin fibrinolysis of 4 healthy and 
fasting guinea pigs. Volumes from 0.5 to 0.05 ml. guinea pig serum w’ere em¬ 
ployed. When guinea pig plasma is used instead, no significant difference in 
values has been obtained. For this animal, therefore, serum, which is more con¬ 
venient for practical reasons, can be used instead of plasma. 

The euglobulin fibrinolysis method cannot be recommended for testing rat 
plasma. The coagulates foimied from rat plasma euglobulins are very resistant 
to fibrinolysis, since lysis times varied from 12 to 48 hours and more. 



Volume 53 
Number 3 


PLASMA EUGLOBULIN FIBRINOLYSIS 


473 


7b RatnolT, O. D.: Studies on a Proteoljtio Enzjmo in Human Plasma. VIII. The Ef¬ 
fect of Calcium and Strontium on tho Activation of the Plasma Proteolytic En¬ 
zyme, J. Exper. Med 96: 319, 1952. 

8 . Niewiarowska, M.; L'lnllueuco do I'hypothcrmio par refroidissement sur la coagulation 

du sang et sur la fibnnolyso chez le chat, Ro\. hdmatol. 12: G50, 1957. 

9. Latallo, Z, Niowiarowski, S, and Copley, A. L.: Fibrinolytic System of Guinea Pig 

Serum, Am, J. Phjsiol. 1959. (In press.) 

10. Niewiaroiiski, S., and Panasemcz, J.: Blood Coagulation and Fibrinolytic Processes in 

Shock ^Vfter Transfusion of Heterogenous Blood, Bull. Acad, Polon. Sc. 2: 121, 1954. 

11. Kowalski, E, Latallo, Z, Nicvnarowski, S, Marezak, K, and Panascwicz, J.; In 

fluenco of Plasmin and Streptokinase on the Blood Coagulation System of Cat in 
Vivo, Polish Medical Weekly 12: 1221, 1957. 

12. Niewiarowska, M., and Wegrzy nowicz, Z.: Influence of Eicoumarol I>eri\atives on the 

Plasma Fibrinolytic System. (To be pubhbhed.) 

13. Copley, A. L.; Vascular Purpura in Guinea-Pigs and Hamsters Produced by Guinea Pig 

jVntifibnn Rabbit Serum. Proceedings of the Sixth Congress of tho European 
Society of Hematology, Copenhagen, 1957; Basel and New York, 1958, S. Karger, 
vol. 2, p. S51S. 



THE PHOTOMETRIC DETERMINATION OP THE SIALIC 
(iV-ACETYLNEURAMINIC) ACID DISTRIBUTION 
IN CEREBROSPINAL FLUID 

Abraham Saifer, M.S., and Harold A. Siegel, B.S. 

Brooklyn, N. Y. 

N euraminic acid, a complex amino acid sugar (its acetylated derivatives 
designated as sialic acid), is a functional group of many glycoproteins 
and glycolipids found in a variety of biologic fluids and tissuesd'^ Its im¬ 
portance in neurologic problems is shown by the fact that it constitutes an 
integral pai-t of the “ gangliosides” which are complex lipids found in brain 
tissue.^’ ® These gangliosides haim been found to be increased in certain 
neurologic conditions, including Niemann-Pick disease and amaurotic familial 
idiocy (A.P.I.). In some instances they completely displace the normal eere- 
brosides and phospholipids of brain gray matter.®’ ’ 

A number of investigators®'" have shown that A-acetylneurarainic acid 
is present in blood senim in such tightly bound combination with proteins that 
it is both nondialyzable and completely precipitable with trichloroacetic acid. 
The presence of sialic acid in cei*ebrospinal fluid (C.S.F.) has been demon¬ 
strated by Roboz and associates"’ and by Uzman and Rumley.“ However, 
the latter investigators showed that in the C.S.F. 60 to 80 per cent was present 
in a form which was dialyzable and not precipitable with trichloroacetic acid. 
Both groups of investigators employed methods which required large amounts 
(2 to 6 ml.) of C.S.F. for each analysis and use the relatively insensitive and 
nonspecific orcinol reaction for the colorimetric determination of its sialic acid 
content. The results reported by these experimenters'"'" for individual eases 
held forth the promise that the C.S.F. might be expected to reflect certain 
pathologic disorders of the central nervous system to a greater extent than 
would the serum.'-' It was in order to test this hypothesis that the sensitive 
and specific diphenylamine reaction,'® previously employed for serum analysis 
in our laboratory,"’was adapted to the quantitative determination of total 
sialic acid (TSA), protein-bound sialic acid, and the nonprotein-bound sialie 
acid, by difference, in cerebrospinal fluid. The method, as finally evolved, re¬ 
quires only 1.5 ml. of C.S.F. for the sialic acid determinations as well as for 
the total protein (TP) content. 

The present iiaper deals with the results obtained with these procedures 
for the C.S.F. from a large number of patients with various neurologic dis¬ 
eases as well as for a control group of nonneurologic eases. In a number of 

From the Biochemistry Department, Isaac Albert Research Institute of the Jewish 
Chronic Disease Hospital, Brooklyn 3, N. Y. 

Supported by Grant B285-C3 from the United States Public Health Service under the 
general subject of “Protein Studies in Chronic Diseases." 
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instances, sialic acid values wcic detcnnmed foi both serum and CST 
drawn simultaneously fiom the same individual Evidence is pieseiited foi 
the possible diagnostic usefulness of such dcteiminations in vaiious neurologic 
diseases with special lefercnce to amaurotic familial idiocy and related dis 
oiders 

METHODS 

A Reagents and Apparatus — 

1 Sodium chlondc 0 85 per cent solution 

2 Sodium hjdroxide 10 N solution 

3 Biuret reagent (modified after Gornall and associates'®) In a liter volumetric 
flask containing about 500 ml of distilled water, place 3 0 Gm of CuSO**? H,0 and 12 
Gm of sodium potassium tartrate (Roelielle salt) , shake until dissolved Then, with shaking 
add 300 ml of 25 N NaOH Add 2 Gm KI, shake until dissolved, and dilute to volume 
with distilled water 

4 Total protein standard Reconstitute a prepared serum standard, eg, Versatol,* 
with 5 0 ml of a solution composed of 10 per cent NaCl plus 1 0 per cent of disodiuni 
ethylenediaminetetraacctic acid Refer to manufacturer’s chart for protein content Dilute 
1 0 ml to 100 ml with 0 85 per cent JiaCl in a \olumctnc flask Keep refrigerated when 
not in use and discard when cloudj 

5 Trichloroacetic acid (TCA) 5 0, ^5, ind 10 ptr cent solutions were prepared bv 

dilution from a 90 per cent stock solution ^ 

6 Diphcnjlamino (DPA) reagent (1 0 per cent) Rccrystallizc dipl^enylanfine twice 
from hot ethanol to rcmoic impurities Dissolve 10 Gm in a mixture of 90 ml of glacial 
acetic acid plus 10 ml of concentrated sulfuric acid 

7 Siahc (N icetjlneuraminic) aci I standard, A purified orosomucoid protein sample 
was prepared from outdated blood bank plasma by the procedure bj 'Wcimcr and associates'*® 
This preparation has a reported sialic acid content of about 11 2 per cent and was checked 
against a reference sample supplied by Dr R J Wmzler For a 10 mg per cent standard 
dissoho 8 9 mg of the orosomucoid preparation in 10 ml of distilled water Five and 2 5 
mg per cent standards were then prepared I);y dilution from tins solution The 10 rag 
per cent standard solution will remain stable for about one week if kept frozen between runs 

8 Absolute ethyl alcohol 

9 Evaporation caps to fit H bi 1J5 iiiiu Pircx tubes 1 

B Dcieiminaiion of Total Frotetn Content of CetcVrospinal Fluid —Pipette 1 0 ml 
of C S F samples into small test tubes calibrated at 2 0 ml Add 1 0 ml of 10 per cent TCA 
to each tube, and let stand at room temperature for lo minutes Centrifuge precipitates at 
3,000 r p m for 10 minutes Decant off supernatant fluids and dissolve precipitates in one 
drop of 10 N NaOH by shaking tubes until precipitates are dissolved Add 1 0 ml of biuret 
leagent, and dilute to 2 0 ml mark with 0 85 per cent NaCl solution Mix well, let stand 
for 20 minutes, and read in a spectrophotometer at 530 m^, oi in a Klett Summerson color 
imeter, in a flat bottom colorimeter tube, with a No oi filter against a saline blank (1 0 ml 
0 85 per cent NaCl plus 10 ml biuret reagent) which has been set at zero The TP 
standards axe run simultaneous!) and in exactly the same manner as w ere the C S F samples 

, , , rr, , unknow n , 

Lalculattons Total protein (C S P ) mg per cent = Q D standard ^ total protein 

standard (mg per cent) 

C Determination of Total Sialic Acid (TSA) Content of Ccrehrospinal Fluid —Pipette 
0 5 ml of C S P samples into 15 ml centrifuge tubes Add 1 0 ml of 7 5 per cent TCA 
to each tube Mix and cover tubes with glass evapontion caps Heat tubes m a boiling 

•Versatol Is sold by Warner Cliilcott Laboratories Morris Plains N J 

Obtainab e from Kopp Laboratory Supplier "0 13 35th R1 Queens '"2 N 1 
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water bath for 15 minutes. Cool tubes in cold tap water and centrifuge precipitates* at 
3,000 r.p.m. for 10 minutes. Pipette 1.0 ml. aliquots of the supernatant fluid into 13 by 125 
mm. test tubes. Add 2.0 ml. of the DPA reagent and mix. Cover each tube with an evapora¬ 
tion cap and place in a boiling water bath for 30 minutes. Cool to room temperature in a cold 
water bath. A reagent blank (0.5 ml. water) and 0.5 ml. aliquots of 5 mg. per cent and 
10 mg. per cent SA standards, in duplicate, are carried through exactly the same procedure 
as are the C.S.E. samples. • The optical density values of the unknowns and standards are 
then read in a spectrophotometer at 530 m/i (or in a Klett photoelectric colorimeter with 
a No. 54 filter) against a reagent blank set at zero. 

Calculations: Total sialic acid (C.S.P.) mg. per cent = ' c' ' D~ ^fldard ^ 

Since the color reaction deviates from Beer’s law, the standard used in making the calcula¬ 
tions should be that which is closest to the unknown. 

D. Determination of Protein-Bound Sialic (N-Acetylneuraminio) Acid Content of 
Cerebrospinal Fluid. —Into 15 ml. centrifuge tubes pipette 1.0 ml. aliquots of the C.S.P. 
and add to each tube 4.0 ml. of absolute alcohol. Mix contents and place tubes in a 65° C. 
water bath for 20 minutes. Cool tubes to room temperature in cold tap water and centrifuge 
at 3,000 r.p.m. for 10 minutes. Decant off supernatant fluid as completely as possible and 
break up precipitates by tapping bottom of the tube. Dry the precipitates by placing 
tubes in a boiling water bath until no alcohol odor can be detected. Add 1.5 ml. of 5.0 
per cent TCA to each tube containing the alcohol precipitates. Pipette, in duplicate, into 
15 ml. centrifuge tubes 0.5 ml. of distilled water (for reagent blank) and 0.5 ml. of 2.5 
and 5.0 mg. per cent SA standards. Add 1.0 ml. of 7.5 per cent TCA to blank and standard 
tubes only. Mix and cover mouths of all tubes with evaporation caps. Heat all tubes in 
a boiling water bath for exactly 15 minutes. Cool tubes to room temperature in eold tap 
water and centrifuge at 3,000 r.p.m. for 10 minutes. Pipette 1.0 ml. aliquots of the 
supernatant fluid into 13 by 125 mm. test tubes. Add 2.0 ml. of DPA reagent and mix. 
The remainder of the procedure is exactly as described for the TNA determination in the 
preceding paragraph (C). 

O.D. unknown 

Calculations: Protein-bound sialic acid (mg. per cent) = ~0 D standa F d ^ 

(or 1.25). 

E. Total Protein and Total Protein-Bound, and Nonprotein-Bound Sialic Acid Content 
of the Cerebrospinal Fluid of Patients With Various Neurologic Diseases. —C.S.P. was ob¬ 
tained by lumbar puncture from patients with a wide variety of neurologic and nonneurologic 
diseases. Bloody fluids and those with high cell counts were eliminated from these studies 
and all fluids were centrifuged prior to analysis. The total protein and total, protein-bound, 
and nonprotein-bound sialic acid values were then determined for each individual sample, 
usually in duplicate, by means of the procedures described above. In a number of instances 
serum total sialic acid and globulin sialic acid values were obtained by previously published 
procedures!^- is on blood samples drawn simultaneously with the C.S.P. 

P. Determination of “ Nondialyzable” Protein-Bound Sialic (N-AcetylneuraminicJ 
Acid Content of Cerebrospinal Fluid.—Six pooled samples of C.S.P. were analyzed, in dupli¬ 
cate, for their protein-bound sialie acid content with the procedure described before in 
Paragraph D. Pive milliliter aliquots of each of the 6 pooled samples were placed in 
cellophane bags and dialyzed for 16 hours in cold, running tap water in order to remove 
any nonprotein-bound sialic acid from the fluids. The contents of the bags were transferred 
to 5.0 ml. calibrated tubes and, after the addition of concentrated salt solution so as to 
give a final concentration of 0.9 per cent NaCl, adjusted to their original volume with 
water. Tliis ‘ ‘ nondialyzable ’ ’ protein-containing C.S.P. fraction was then analyzed, in 

•To conserve C.S F, the dried precipitates obtained in this step can be dissolved in one 
drop of 10 N NaOH with shaking; the remainder of the procedure is carried out as described 
above for the T.P. determination except that the results are multiplied by 2. 
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duplicate, for its sialic acid with the procedure described in Paragraph C, except that ] 
ml aliquots ivero used The results obtained in these runs are given m Table I togeth 
with tho original total sialic acid values of each pooled sample 


Table I CoMPAgrsov op Protein Bou\d Sialic Acid Valves Ostaised \\ivii \lcoh 
Precipitadle Fpiction (at Go*) vnd With tue ‘<Jhondial\z.ible” Fractioss 

OF THF S\ME CeI EBROSl IS \I FLUID SvMlIES 



i 

1 TOTAL SIALIC ACID 

PROTEIN BOtrm SLILIC 
ACID (ALCOHOL PRE j 
CIPITABLE FRACTION) i 

protein bound SIALl 
ACID (“nONDIAYZ 
ABLE” FRACTION) 

SAMPLE NO 1 

I (MO %) 

(510 %) 1 

(MO %) 


1 69 12 14 

2 89 18 18 

3 68 09 11 

4 57 09 10 

5 10 5 16 16 

_6_62_11_1^2_ 

RESLLIS 

For the patient control group ‘presumed” noimal ceiebrospiual flun 
were selected mainly from among nonneurologic cases having TP values b 
tween 20 to 45 mg pei cent The mean value of 29 0 ± 1 6 obtained for th 
control group (Table II) is considerably lower than the value of 37 5 ± 1 
previously reported from this laboratory'^ Howevei, the TP values were o 
tamed by application of the biuiet color reaction to the proteins precipi/af< 
by 5 per cent trichloroacetic acid Some biuret reacting glycoproteins ar 
polypeptides are not precipitated in strongly acidic solutions' and in pai 
the decreased values maj be due to the elimination of the famt tuibidil 
which occuis upon the addition of many biuret i eagents directly to the C S P 
Consequently the mean CSF total piotein value for the amaurotic famili 
idiocy group, i e , 37 3 ± 3 2 mg per cent with this modified procedure is ah 
lower than that leported in our pievious paper' i e 417 ± 2 5 mg per cen 
As can be seen from the statistical data in Table II both Gioup A (lasci 
lar diseases of the central nervous system) and Group B (demyelinating di 
eases) have somewhat elevated TP values wheieas Group t) (cases ivit 
extensive brain damage) exhibits maikedly elevated CSP total protei 
values These gioups were included in this study in order to permit an ii 
vcstigation of the C S F sialic acid distiibution over a wide range of T 
values and the inclusion of many diffeieiit types of neiiiologic disorders 1 
agreement with the leported results of Uzmaii and Rumley'* in 49 samph 
of human C S F, those obtained in this study foi the 46 eases m Groups ± 
B, C; and E show that 60 to 80 per cent is present in a form which is n< 
bound by the CSF proteins Group B, the high TP group, shows onlj A 
to 70 per cent of the total sialic acid present to be in an unbound state 
The mean CSF total siahc acid for the control group, ie,51±03m 
per cent obtained with the diphenylamine method is markedh increased o\( 
the range of 11 to 3 4 mg pei cent reported by Uzman and Rumley'* wit 
the oieinol procedure of Bolim and associates A similar diffeience of value 
for serum total siahc acid has also been found between the two procedine 



Table II. Gkoup Statistical Data op Cerebrospinal Fluid Proteins and Sialic Acid Values in 42 Patients With Various Neurologic 
Diseases as Compared With a Control Group of 15 “Presumed” Normal Subjects 
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i.e., 44 to 50 mg. per cent for the orcinol method"' and 74 to 81 mg. per cent 
for the diphenylamine.^^’ Since the high order of specificity of the diphenyl- 
amine reaction for 2-desoxyhexoses and hcxals has been stiessed by several 
investigatoi-s,^*^’ the difference in the results reported between the two pro¬ 
cedures might either be due to the lesser specificity, or sensitivity, of the 
orcinol reagent or to the presence of unknown diphenylamine-reacting sub¬ 
stances in both semm and C.S.F. In any event, significantly lower values 
for the C.S.F. total sialic acid are obtained for Group C, the amaurotic* familial 
idiocy cases, whereas values almost twice the normal mean have been ob¬ 
tained for such disorders as amyotrophic lateral sclerosis, Parkinson’s disease, 
and cerebral thrombosis, although the TP results aie still in the normal range 
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c Control Group ( 15) 

* A FI ofTAY-SACHS Diseaie(12) 
▼ Voiculor of CN5 (11) 

o Demyelinoimg Diseases (8} 

X Miscellaneous Croup ( 11 } 




1 2 4 6 8 10 20 40 60 

TS A /TP « 100- X 

1 —Variation of TSA/TP percentage ratio with increasing TP concentration of the 
eSP of 44 patienta with various neurologic diseases and 15 control cases with nonneurologic 
disorders. The dotted line represents the median values of the control group 


The relationship between the total sialic acid (TSA) and total protein 
(TP) of the C.S.F. for the 57 individual eases studied is illustrated graphically 
in Fig. 1 where the data aie presented as a log-log plot of TP against TSA/TP 
ratio values. If the TSA/TP results varied in a manner exponential to the 
log of the TP values, then most of the points should fall along, or be adjacent 
to, the dotted line. While there is a general trend in the direction of lower 
TSA/TP ratios with higher TP values for most of the values, there are two 
notable exceptions among the groups of neurologic cases investigated. For 
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Group D, with extensive brain damage and high protein values, there is an 
increase in the total sialic acid that is disproportionate to that of the TP so 
that most points in this group lie above the line. In at least one instance the 
TSA/TP value approaches 1.0 per cent, the approximate relationship of 
the TSA/TP ratio in normal serum. Conversely, there appears to be a de¬ 
crease in the total sialic acid in relation to the TP for the amaurotic familial 
idiocy gi’oup (Group C), many of the points falling into a definite region be¬ 
low the line (cf. Fig. 1, boxed area). The decrease in total sialic acid found 
in this disease is primarily due to the lower nonprotein-bound sialic acid values 
(see Table II). 

The mean value of 1.2 ± 0.07 mg. per cent obtained for the protein-bound 
sialic acid fraction of the C.S:F. Avith the diphenylamine procedure is again 
considerably elevated above that found for the trichloroacetic acid preeipitable 
fraction by Roboz and associates,'- of 0.24 + 0.3 mg. per cent. In a later 
publication Roboz and co-Avorkers'^ employed alcohol precipitation at 4° C. 
for 24 hours as an improved procedure for protein precipitation from the 
C.S.P., requiring only 2.0 ml. per determination, prior to the application of 
the orcinol method for the determination of this fraction. They also repoi’ted 
increased protein-bound sialic acid levels in C.S.P. of patients Avith various 
neurologic disorders and the same normal value Avith alcohol precipitation 
as they had obtained Avith trichloroacetic acid precipitation. Uzman and 
Rumley'^ give a fCAv indiAudual values from Avhich the protein-bound sialic 
acid obtained Avith trichloroacetic acid precipitation can be compared Avith 
the values obtained after dialysis for the same spinal fluids. The acid-precipi¬ 
tated protein-bound sialic acid varies from 0.22 to 0.47 mg. per cent whereas 
that found for the nondialyzable fraction varied from 0.45 to 0.81 mg. per cent 
for the same fluids. These findings have been confirmed in our laboi’atory and 
led us to question the completeness of protein precipitation by cold alcohol 
(4° C.) as a necessary step for the quantitatwe detennination of the protein- 
bound sialic acid. It Avas found experimentally that only alcohol precipita¬ 
tion Avith heat at 65° C. for 30 minutes, as suggested by Sudhof and associ¬ 
ates,-' gave results for C.S.P. protein-bound sialic acid that Avere comparable 
to those obtained with the nondialyzable protein fraction (see Table I). The 
procedure for the determination of this fraction, as described here, is less 
time consuming than those previously proposed and requires only 1.0 ml. 
of C.S.P. per determination. 

Examination of the statistical data in Table II shoAvs that there is a 
significant decrease in the protein-bound sialic acid values for Group C 
(amaurotic familial idiocy) as compared to controls. Only one case out of 
12 in this group gave a value in excess of 1.0 mg. per cent. Markedly in¬ 
creased C.S.P. protein-bound sialic acid results are seen principally in patients 
of Group A, e.g., parkinsonism and cerebrovascular disorders. 

The results grimn in Table III shoAv some of the individual data obtained 
in various neiArologic conditions in Avhich the distribution of the sialic acid 
Avas studied simultaneously in C.S.P. and senom. The serum results again 
illustrate the unusually high valiies of the globulin sialic acid/total sialic acid 
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peiccntage latio found in aniauiotic familial idiocy as eompaitd to most othei 
ncuiologic diseases^® These lesults also illiistiate the wide lange of values 
toi total sialic acid, TSA/TP (pei cent), and protein bound and nonpiotem 
bound sialic acid wliicli aie found in pathologic siniial fluids Again the cases 
oi amauiotic taimlial idiocy, as a gioiip (Table II), &ho^\ significant deeieases 
in the TbA/TP latio and in the piotcin bound sialic acid \alues of the C S P 
as conipaicd to othei neuiologic disoideis which may aid m the diagnosis 
and in the elucidation ot the natuie ot this invanablj fatal childhood disease 


TvBLE III I\DI\IDUAL D\.TA OF BOTJI CEREBI OSPINAL FlUID \SD SERUil SiVLIC ACII) 
Distpibutiov Le\els is PmFNTS With ViVKions Leupologic Disfvses 


PVTIENT 

DIAGNOSIS 

1 CEREDROSPIKAL 

FLUID 


1 SEBUM 

TP 

(WG 

%) 

Tsa 

(MG 

%) 

PBSV 

(MG 

%) 

iNPBSa 

1 

1 %) 1 

TSA 

TP % 

TS V 1 
(MG 1 
%) 1 

CSV 

(uo 

%) 

GSV 

1 

S B 

Cerebral palsy 

34 5 

48 

08 

4 0 

13 9 

81 7 

d6 8 

69 5 

2 

S L 

Cerebral \aseular dis 











ease with hemiplcfiia 

47 7 

67 

15 

52 

14 0 

76 8 

43 b 

56 7 

3 

I S 

Postpoho 

23 9 

54 

18 

3 6 

22 6 

S7 3 

54 5 

62 4 

4 

B E 

\mjotropliic lateral 











sclerosis 

43 0 

12 4 

17 

10 7 

28 8 

— 

— 

— 

3 

J B 

Multiple sclerosis 

44 2 

7 2 

10 

6 2 

164 

82 4 

46 7 

56 7 

(J 

L -W 

Spina bifida 

1010 

49 

28 

21 

49 

— 

— 

— 

7 

N E 

Hydioccphalus, con 











genital 

99 0 

11 6 

48 

68 

11 7 

— 

— 

—- 

S 

S H 

Craniopharyngioma 

138 0 

43 

26 

2 2 

35 

— 

— 

— 

9 

T M 

Sohihler’s disease 


45 

09 

36 

81 

97 6 

07 4 

60 n 

to 

B S 

Niemann Pick disease 

213 0 

59 

24 

35 

30 

61 4 

36 5 

50 0 

11 

s s 

k F I, infantile 

25 0 

32 

08 

24 

12 7 

101 0 

67 4 

67 0 

12 

V R 

\ F I, infantile 

42 8 

52 

08 

44 

121 

101 0 

67 8 

671 

13 

H D 

\FI, infantile 


4 I 

11 

30 

86 

1070 

74 6 

69 7 

14 

K S 

tri, infantile 

45 2 

34 

09 

25 

70 

108 2 

6S0 

63 0 

13 

L D 

\FI, juvenile 

30 9 

54 

07 

4 7 

T 3 

68 8 

431 

62 7 

10 

B S 

Normal 

42 8 

48 

1 3 

3 5 

111 

63 7 

33 7 

54 6 


Key fo nbhtevuitions TP = total protein TS \ = total sialic acul PRS V = protein 
oounU «ialic ici I NPBSA s= nonprotcin bound siabc acid GS V =: globulin sialic aci 1 


DISCUSSION 

Studies of spinal fluid sialie acid distiibution as applied to speeiinons oli 
tamed fiom tndtiidual patients have been few in number^'’ “ because of the 
lack of adequate quantitative methods lequniiig bnt small amounts of C S P 
It was foi this leasoii that the dipheiiylaminc coloiinietiic leactioii foi seium 
sialic (oi iY acet>lneuiaminic) acid pieciously published*^ was cmplojed 
in this imestigation of the total, piotciii bound, and nonpiotem bound sialic 
acid in eSP Caieful investigation of the chanctcnstic puiple dipheiijl 
amine eoloi m seium by Hess and associates*® has shown it to be chaiacteiistic 
of a 2 desoMhevose, or he\al, stiuctuie and that this structuie, oi a common 
deiivatne ot it, accounts foi the adsoi^ptiou maxima at 520 m/n A deso\^kc 
tose stiuctnie iii ncuiamimc acid (oi its deiivatucs), as pioposed by Gotts 
chalk,® would also account foi the coloi reaction of these substances with 
the diphem lamine leagent Optical density measuieinents at oi noai this 
wa-Nc length of the diphenylamine eoIoi of the CSF weie, theiefoie, as 
sumed to be a quantitatne measure of their sialic acid content The kind 
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of sialic acid present in most biologic substances in which it is firmly bound 
to proteins is believed to be iV-acetylneuraminic acid.-> ° However, the na¬ 
ture of the neuraminic acid derivative present in C.S.F. which is dialyzable, 
and not bormd to protein, has not as yet been established although it consti¬ 
tutes 60 to 80 per cent of the total sialic acid of this important biologic fluid.^^ 

This investigation Avas undertaken in the belief that quantitative determi¬ 
nations of the sialic acid content of the C.S.P. would not only give diagnostic 
information but might also provide a clearei* insight into the mechanism by 
which large amounts of sialic acid-containing gangliosides are deposited in 
brain gray matter in some lipoidoses. 

SUJIMARY 

1. Methods are presented for the quantitative determination of the total 
sialic acid (TSA), protein-bound sialic acid, and nonprotein-bound sialic acid 
of the cerebrospinal fiuid (C.S.F.) Avhieh require a total of 1.5 ml. of fluids 
inclusive of the total protein (TP). 

2. The eolorimetne measurements are based on the relatively specific and 
sensitive diphenylamine (DPA) reaction which previously had been applied 
only to serum. Complete separation of the protein-bound from the non¬ 
protein-bound sialic acid is achieved by use of alcohol precipitation Avith heat 
(30 min. at 65° C.). 

3. Individual values Avere obtaiiied for the C.S.P. of 42 patients Avith 
various neurologic diseases, as Avell as for a control group of 15 nonneurologie 
cases with normal TP values. Contraiy to the findings in serum or tissues, 60 
to 80 per cent of the TSA is present in a nonprotein-bound form. 

4. Log-log plots of TSA/TP versus TP shoAV a general trend in the direc¬ 
tion of loAver TSA/TP ratios Avith higher TP values for the control group 
(Group E) and for most neurologic conditions. Exceptions to this relation¬ 
ship were the eases Avith marked cerebral degeneration and high TP values, 
and the group of cases Avith amaurotic familial idiocy Avhich shoAved highly 
significant differences by group statistics. 

5. The general pathologic and diagnostic significance of sialic acid is 
discussed. 

A?v^e wisli to acknowledge the helplul cooperation of Dr. A. M. Rabiner of the Neurology 
Department and Dr. A. Kanof of the Department of Pediatrics for their aid in the diagnosis 
and selection of patients for this study. AVe also Avish to e.xpress our appreciation to Dr. 
B. W. Yolk, Director of Laboratories, and to Dr. S. M. Aronson, Neuropathologist, for their 
aid and ad%'iee throughout this project. U'e also ivish to e.\-press our gratitude to Mrs. 
Lillian Salowitz for typing and editing the manuscript. 

BEFEKENCES 

1. AVinzler, R. J.; Determination of Serum Glycoproteins. Methods of Biochemical 

Analysis, New York, 1955, Interscience Publishers, Inc., vol. 2, p. 279. 

2. Chatagnon, 0., and Chatagnon, P.: L’acide neuraminique constituant naturel des 

tissue et des liquides biologiques de I’homme et des animaux; son int^ret en bio 

logie medicale, Presse m4d. 63; 1194, 1955. 

3. Gottschalk, A.: Neuraminic Acid: The Functional Group of Some Biologically Active 

Mucoproteins, Yale J. Biol. & Med. 28: 525, 1956. 



Volume 53 
Number 3 


SIALIO ACID DlSTKIBUTiON IN CERDBKO&PIKAL FLUID 


483 


4. Svenuerliolm, L.: Composition of Gangliosides From Human Brain, Nature 177: 024, 

195G. 

5. Bogouli, b.: Structure of Brain Ganglioside, Nature 180: 197, 19o7. 

<5. Ivicnk. E . Olnr die n.iiiglioside iitue Gnippe >oii zucker)ialtigen Geliiriilipoiden, 

Ztschr. phjMol. Cheni. 273: 70, 1942. 

7. Klcnk, E.. Ubcr die Gangliosido dea Gelurns bei dor infantileii amauroti&clieu Idiotio 
\oni Tvp Ta> Sacha, Ber deiitacli. chem. Ges. 75B: 1032, 1942. 

S. Chatagnon, C, and Cli.itagnon, P.: L^l<•lde ueuraminique dins Ic «cruni 'languiu iuiniui, 
Compt. rend, Soc. hiol. 148: 1226*1227, 1954. 

9. Bohm, P, aud Bauineiati'r, L: Isolieruiig der Neuraminsauro als Spaltprodult des 
Serummueibhes., Ztsclir. pli^siol. Chem. 300: 153, 1955. 

10. Klenk, E, and Stollel, W.: uLcr neurammsaurchaltigc Glykoproteide des Blut&eruma, 
Ztschr. physiol. Chem. 320: 2SC), 19oo, 

11 U/man, L L., and Roscn, H.: Paitition of Neuraminic Acid Among Huniau Seium 

Proteins, Science 120: 1031, 1954. 

12 Boboz, E , Jluriihy, J, B, Hes**, W. C., and I'oriter, F. M.: Isolation and Dcterniiuatioa 

of the Gh coproteins in Cerebrospinal Fluid, Proc. Soc E\pcr. Biol, it Hed. 89: 
091, 1955. 

^ 13. Kolioz, E., Apostol, R. R., Luft, A. M., and Uess, W. C : Determnuition of the Carbo¬ 
lic drates in the Gljcoprotcins and Mucoprotcuu, of Cerebrospinal Fluid, J. Liii &, 
Clin. JIed. 49: 790, 1957. 

_^14. Uzuian, L L., and Rumley, M. K.: Neuraminic Acid as a Constituent of Human Cercbro 
spinal Fluid, Proc. Soc. E\per. Biol. McU. 93: 497, 195G 
15. Saifci, A, Aronson, S. il, Z.\m.iri'«, C, and Volk, B. W ; Serial Biocheniistr,' of 
Scrum aud Cerebrospinal Fluid m Amaurotic Family Idiocy (Tay Sachs Disease), 
Proc. Soc, E\per. Biol. S. Med. 91: .394, 1956. 

‘1C. Hess, E. L, Hahn, J. W., and Ayala, \V.. Structures Responsible for the Characteristic 
Purple Color Development lu Diplicnylaimiic Reaction 3Yith Serum, Proc. Soc ENjier. 
Biol, it Med. 91: 528, 195G, 

17. Saifer, A, and Gerstcnfeld, S.: The Seium Neuraminic Acid Distribution I. Method¬ 

ology, J. Lab. S. Clin. Mm. 50: 17, 1957. 

18. Volk, B. tv., Aronson, S. M., and S.iifcr, A : The Serum Ncuramunc Acid Distiibution. 

II. Cluneal Studio With Special Reference to Amaurotic Family Idiocy (Ta\ Sachs 
Disease), J. Lab. 5, Clin. Mid. 50: 26, 1957. 

^19. Qoin.ill, A G., Bardaujll, C J., and David, M. if.: Determination of Serum Proteins by 
Jlcans of the Biuret Reaction, .T. Biol Chem. 177: 751, 1949. 

20. Wcimcr, 11. E, Mehl, J. W, ,ind Wmzler, R. J. • Mucoproteins of Human Pln'ina. 
V Isolation and Charatteriz.'ition of a Ilomogcncous Mueoprotein, J Biol Chem. 
185: 561, 1950. 

»21. Rosenthal, H. L, and Cundiff, II I; New Biuret Reagent for the Detcrnmmtion of 
Proteins m Cerebrospinal Fluid, Clin. Chem. 2: 394, 1956. 

22. Bolini, P, Dauber, St, and Baumcistor, L.' tlber Neuraminsauro, ihr Vorkommin und 
lino Bf'tmiiming im Serum, Kbn. Wchsclir. 32: 289, 1954. 

.— 23. Anderson, A. .1., and Machigan, N. F.: Tho Isolation and Estimation of Uiinaiv JIuco- 
proteins, Biochem. .1. 69: 638, 1955. 

24. Sudliof, H., Kellner, H., and Schweer, G.: Das Erfassen der Glykoproteide bei df’r 

Eiwcisszuckerbcstimmung im Blutserum in Abliangigkeit von der Fhllung'.mctliode, 
Deutsche med. WchnsoUr. 80: 1658, 1955. 

25. Gottsclialk, A.; Structural Relationship Between Sialic Acid, Neuraminic Acid and 2- 

Carboxypyrrole, Nature 176: 881, 1955. 


THE EPPECT OP UEEA ON CEREBROSPINAL PLUID PRESSURE 
IN MONKEYS BEPORE AND AFTER BILATERAL 
NEPHRECTOMY 

Maxucuer Javid, M.D., and Jon Anderson, il.S. 

Madison, 

M any hypertonic solutions have been used for reductioti ot‘ cciebrospinal 
fluid pressure since the original ivork of M^eed and iMcKibliend Their un¬ 
desirable features have markedly limited tlieir use. The possibility of clinical 
application of urea was suggested by Premont-Smitli and Forbes in 1927^- how¬ 
ever, their suggestion was not followed until 1954 when Javid and Settlage 
administered urea to human subjects.^ More than 350 patients have received 
this agent for reduction of intracranial or intraocular pres.sure. ^ About one 
hundred studies have been carried out in Rhesus monkeys." The efficacy of 
urea has been compared with other hypertonic solutions as well as mercury and 
Diamox (acetazoleamide). Urea was found to be superior in effectiveness with¬ 
out producing adverse reactions. These findings added impetus in carrying 
out the following experiments. 

The osmotic effect of hypertonic .solutions and the inverse relationshi]i be¬ 
tween cerebrospinal fluid pressure and urinary output are well known.’- ’ Mx- 
perience with urea substantiates this point.®"’" There is evidence that this re¬ 
duction is presumably due to osmotic pressure change although it is possible 
that other factors are involved. The exact mechanism of action seems more 
complicated.” To determine the diuretic role of urea in lowering cerebrospinal 
fluid pressure, we investigated the effect of urea and other hypertonic agents 
in monkeys before and following nephrectomy. 

JIATERIAL.S and JIKTHODS 

Five female Rliohus monkeys f^Iacaca mulatta) weigliinp l.SO to 6.2.5 kilogiams were 
the subjects. The animals were auestlieti/.oil with intiamuscular pentoliaibital, 42 mg. per 
kilogiam body weight initial dose, and placed in a prone position. A cisternal needle 
was connected to a specially built open-end manometer consisting of jioh eth\lene tubing 
(No. 100). Cerebrospinal fluid pies.sures ivere recorded every 5 mimitos foi 8 to 71 
lioiiis. Three moiikejs leeeived urea in 30 per cent concentiation and 1 monkey sucrose 
in 50 per cent concentiation; 1 leceived 50 per cent dextrose betoie and after nephrec¬ 
tomy followed by other hypertonic solutions. These solutions were given on an equimolar 
ba^is nith one gram urea per kilogram body weight. A predetermined precise amount of 
urea, -uerose, and glucose was injected intravenously in divided doses oven 30 seconds, 
ill the course of 30 minutes to individual annuals. In one studi the duration of injection 
was (iO niiniitos. Rapid administration was also carried out as indicated in the figures. 

Fiom tlie Dop.artnient of Neiii osurirerv, Unnersity of Wiscon.sin Medical Sctiool, Madison. 
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Itl SULib 

Fijj 1 (lemonstiatcs an imeisc lelation&hip bet^\eon aiebiospinal lliiid 
piessuie and volinne of ume excicted followmg tbe admnnbtiation of niea 
before and after unilateral nephiectomy 

It will be seen that maxiinum leduction of ceiebrospnial fluid piessuio 
coriesponds with a ma\imuiu diiuesis Ilonevci, the picsstue diop is moie 
pionounced and bettei subtaiiied in the nnilateially nepluectomized monkev 
where diuresis is decieased 



Fig 1 —Illustrated Is the Inverse relationship between cerebrospinal fluid pressure and 
unnar> excretion before and after unilateral nephrectom> following administration of Identi 
cal amounts of urea (30 per cent) in ilonkev 104 Lowest cerebrospinal fluid pressure corre 
spends with maximum diuresis but pressure drop Is greater and better sustained in unilaterally 
nephrectomized monkey 


Fig 2 shows the effect of urea when bilateial nephrectomy was done simiil 
taneously It can be seen that fall in cerebrospinal fluid piessuic following 
nephrectomy was greater and moie sustained This monkey toleiated bilateral 
nephiectomy and was aleit foi 3 days, then failed rapidly and died on tlip 
fourth postoperative day 

In Fig 3 the cerebiospinal fluid piessuie changes following unilateial and 
bilateial nephiectomy are compaicd with the pressuie befoie nephiectomy It 
will be noted that pressure drop following unilateial nephiectomy is greatei 
thdu in the iioimal annual and the drop is still greater after bilateral nophicc 
tomy At the twenty eightli houi aftei the beginning of the expciiment, a 
similar amount of urea was adinmisteicd again The piessuie diopped 
promptly and reached -80 mm HjO one Iionr after completion of urea admin 
istiatioii The animal was sacrificed 30 minutes later Blood luea nitiogeu 
was 182 mg per 100 ml, cerebrospinal fluid uica nitrogen was 125 mg per 100 
ml It IS significant that, even m this bilaterally nephrectoinized monkev, the 
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discrepancy between the urea nitrogen level of blood and cerebrospinal fluid 
corresponds to what is always seen in a nonnephrectomized subject, i.e., during 
the first few hours after administration of urea, cerebrospinal fluid urea nitro¬ 
gen levels lag behind that of blood.^- ^ 



I 234567 89 10 II 12 


HOURS 

Fig. 2.—The cerebrospinal fluid pressure changes are demonstrated after urea adminis¬ 
tration in Monkey 88 before and following removal of both kidneys. Sufficient time was 
allowed following bilateral nephrectomy for cerebrospinal fluid pressure to return to prene¬ 
phrectomy level before injection of urea. 



HOURS 


Fig. 3.—The cerebrospinal fluid pressure changes after urea administration m Monkey 104 
before nephrectomy, following unilateral nephrectomy, and following bilateral nephrectomy 
are illustrated. 


Fig. 4 illustrates pressure reduction following urea administration before 
and after nephrectomy. It can be seen that cerebrospinal fluid pressure re¬ 
duction is more profound and better sustained after bilateral nephrectomy. At 
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23 Iiours postneplireotomy a siimlai dose of urea uas injected rapidly, mtia- 
peiitoneally, and piodueed a piessure diop to -89 mm H-,0 At 29 lioius post 
iiepliiectomj an identical amount nas injected lapidly into the stomach and 
caused piessure to tall to 6 nun below atinospherie Ie\el Tlie nionkey died 
at 41 houis postneplircctomy 
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Fi? 4*—The cerebrospinal fluid pressure changes follow urea administration before 
in ] after bilateral neplirectomy are shown for Monkey D- Tlie duration of injection after 
bilitcral nephrectomy was 60 minutes 



HOURS 


1 ig j—Monktj H3 Illustrated are cerebrospinal fluid prcbsure changes followmi, oO ptr 
cent sucrose administration equimolar with one gram per kilogram urea 


Pig 5 shows pressuie changes following 50 pei cent sucrose administration, 
cquimolai nitli one gram per kilogram urea The fall in cerebrospiml fluid 
piessuie IS slow after bilateial nephrectomy, but sustained foi appioximately 
15 hours At 27 hours an identical amount of sucrose nas injected lapidly 
TJiere nas a deciease of ceiebiospinal fluid pressuie to -78 mm HjO The 
animal was saciificed at 31 hours 

Some additional obseivations were made m one monkey (No 109) follow 
ing administiatioii of 50 pei cent dextiose cquimolai witli one giam pei kilo 
giam urea bcfoie and aftei uephieetomy It was noted that when de\tiosc 
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was injected slowly during an interval of 30 minutes, reduction of cerebrospinal 
fluid pressure was minimal, but after bilateral nephrectomy the pressure drop 
was more max’ked. The lowering of cerebrospinal fluid pressure following rapid 
administration of dextrose (5 minutes) were identical before and after 
nephrectomy. 


DISCUSSION 

Findings in this report indicate that the effect of urea in reducing cerebro¬ 
spinal fluid pressure is increased after nephrectomy. Thus, diuresis does not 
play an important role in lowering the intracranial pressure. Of interest are 
the following: the prompt and consistent fall in cerebrospinal fluid pressure 
in nephrectomized monkeys (Nos. 104 and 113) after similar amounts of urea 
and sucrose were repeatedly given, the effectiveness of urea in a nephrec¬ 
tomized monkey (No. 92)—^xvhether urea was injected intravenously, intra- 
peritoneaUy, or in the stomach. 

The manner of fall in cerebrospinal fluid pressure in the nephrectomized 
monkey following sucrose, dextrose, and urea seems to be different. In the 
case of sucrose, there is the slow initial fall in cerebrospinal fluid pressure as 
compared to rapid fall with urea and dextrose. In the ease of dextrose, the 
minimal discrepancy in cerebrospinal fluid reduction between pre- and post¬ 
nephrectomy studies is probably due to the fact that this substance is metabo¬ 
lized, whereas sucrose and urea are not. 

It would appear that prolonged maintenance of cerebrospinal fluid pres¬ 
sure reduction following urea administration in nephrectomized monkeys is 
due to prolonged osmotic pressure differential between blood and cerebrospinal 
fluid. The latter is due to the fact that urea cannot be eliminated via kidneys; 
consequently, it remains in a high concentration in the blood. 

Clinically, whether inhibiting urinary output by use of drugs would in¬ 
crease the effectiveness of urea in reducing intracranial pressure, raises a ques¬ 
tion worthy of investigation. 


SUMMARY 

In order to determine the role of diuresis in reducing cerebrospinal fluid 
pressure following the administration of urea, a new approach is described. 
Bilateral nephrectomy was carried out in 5 Ehesus monkeys. In each instance, 
following administration of urea and other hypertonic solutions, the fall in 
cerebrospinal fluid pressure occurs and is better maintained in the absence of 
urinary excretion. 


REFERENCES 

1. Weed, L. H., and McKibben, P. S.: Pressure Changes in the Cerebrospinal Fluid 

Following Intravenous Injection of Solutions of Various Concentrations, Am. J. 
Physiol. 48: 512-530, 1919. 

2. Freniont-Smith, F., and Forbes, H. S.: Intraocular and Intracranial Pressures: Ex¬ 

perimental Study, Arch. Neurol. & Psychiat. 18: 550-564, 1927. 

3. .Tavid, M., and Settlage, P.: Effect of Urea on Cerebrospinal Fluid Pressure in Hu¬ 

man Subjects. Preliminary Report, J. A. M. A. 160: 943-949, 1950. 

4. Javid, jVI.: Urea—^New Use of an Old Agent. Reduction of Intracranial and Intra¬ 

ocular Pressure, Surg. Clin. North America (Wisconsin number) 907-928, 1958. 



Volume 33 
Number 3 


UKEA AND CEEEBKOSDINAL TLUID PEE&SUKE 


489 


5. Javid, : A Valuable New Slethod for tlie Heduction of Intracranial ami Intra¬ 
ocular Pressure by the Use of Urea, Tr. Am. Neurol. A. 81: 1959. 

(i. Javid, il., and Anderson, J.: Ob3cr\ations on the Effect of Urea m Rhesus JEoiikejs, 
Surg. Forum. 9: 1959. 

7. Bullock, L. T., Gregorsen, JI. L, and Kinney, R.: Use of Hypertonic Solution Iiitra 
vonously to Reduce Cerebrospinal Fluid Without Secondary Rise, Am. J. Phjsiol. 
112: 82 96, 1935. 

S. Javid, 51., Settlage, P., and 5fonfore, T.: Urea in the 5fanagemeut of Increased In 
tracranial Pressure, Surg. Forum 7: 528 532, 1957. 

9. Javid, 51., and Settlage, P.: Clinical Use of Urea for Reduction of Intracranial 
Pressure, Tr. Am. Neurol. A. 82: 151-153, 1957. 

10. JnMd, 51., and 5Ionfore, T.: Unpublished data. 

11. Da\'«on, H.: Piu'-iologi of the Ocular anil Cerebrospinal riuids, Boston, 1956, Little, 

Broun L Company, p. 365. 



LABORATORY METHODS 


spbcteophotojieteic deteemination of tolbutamde in 

PLASMA 

Thomas Chulski, Ph.D. 

Kalamazoo, Mich. 

T he hypoglycemic agent tolbutamide (l-butyl-3-p-tolylsulfonylurea, Orin- 
ase*) can be quantitatively determined in serv\m or plasma by ultraviolet 
spectroscopy utilizing the intense alisorption band at 228 m/i. Spingler and 
Kaiser‘ lyophilized the serum and extracted the tolbutamide from the dry residue 
with acidified ethyl acetate. A correction for the blank value of servuu (no 
tolbiitamide present) was made by obtaining a serum sample prior to tolbuta¬ 
mide administration, i.e., a zero hour sample, Forist and associates^ rrsed 
chloroform to extract the tolbutamide from plasma acidified to pH 4.5 to 4.8. 
A small amount of activated charcoal was used to decrease the blank value but a 
zero hour sample was recommended. Bladh and NordeiP also used the absorp¬ 
tion band at 228 m/t to determine tolbutamide in serum. The serum was acidified 
with hydrochloric acid and chloroform was used as the extracting solvent. A 
column of calcium carbonate or sodium bicarbonate was used to reduce the blank 
valire. A zero hour sample was specified. 

Spingler* described a method based upon visible spectroscopy in which 
tolbutamide was extracted from acidified serum with amyl acetate. The tolbuta¬ 
mide was hydrolyzed to butylamine by heating at 150° C. for 5 minutes. The 
butylamine was then determined by adding 2,4-dinitrofluorobenzene and deter¬ 
mining the absorbance at 380 m/x. A zero hour sample was not necessary. 

A procedure for the quantitative determination of tolbutamide in plasma is 
described herein which is based iipon the yellow color produced by the reaction 
of tolbutamide with Ehrlich’s reagent ( 2 J-N-dimethylaminobenzaldehyde) under 
specified conditions. Since normal plasma constituents do not interfere, a 
zero hour sample is not necessary. The average recovery of added tollnxtamidc 
from human plasma was 100.4 per cent with a standard deviation of ± 5.2 per 
cent. 

From the Department of Product Research and Development, The Upjohn Company, 
Kalamazoo, ilich. 

Received for publication July 21, 1258. 

♦Registered trademark, The Upjohn Company. Kalamazoo, Mich. 
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MVTKKIALS AND METHODS 

'ttijcnts — 

. Phosphoric acul: 0.40 ml. of S5 per ceut 0.30 M phosphoric acid diluted to 200 
th distilled i\ater. 

. Phosphoric acul: 0.40 ml. of So pei cent 0 15 it phosphoric acid diluted to 100 
th distilled w ater. 

. Chloroform: (Afalluickrodt) analytical reagent grade chloroform sealed in glass 

. Alcohol, Do per cent ctlunol (Commerci.il boUeiits Corporation). 

. Phrlich's reagent solution: p N dmiethy laminobenzaldelij do (Eastman Organic 
cals). Purilied by disaohuig in 05 per cent ethanol, decolorizing Mith carbon, and 
llizing by adding iiater; 100 ± 1 mg is dis'«oUed in alcohol and diluted to 25 m] 
jrown glass bottle. The solution is iirepired immediately before using. 

. Standard tolbutamide solution: A 0 7 to 0 S Gin. quantity of the sodium salt of 
imido is weighed to the nearest milligram and transferred quantitatively to a 500 
iluinetric llask and made to volume with water. Various volumes, 10 to SO ml, of 
ilution arc diluted to 500 ml. Sodium tolbutnmido x 0 9247 = tolbutamide 

Jppnintus.— 

. Separatory funinU' Sixty milliliter 'separatory funnels fitted with Teflon stopcock 
were used tor the extractions. After being washed with a synthetic detergent 
inscd with distilled water, they were further rinsed with alcohol. Pledgets of 
glass wool, previously washed two tunes with alcohol, were inserted m the 'stems 
> tunnels to remove droplets ot water from the chloroform phase. Prior to being 
he funnels were rinsed with 10 ml chloroform which was allowed to filter through 
a-'S wool pledget. 

'. Spectrophotometer: A Beckman Model B "pettiophotometcr with 1 cm cuvettes 
’sed for tho absoilwinco meatiireiuvnt'' 

1 Vacuum ciaporator: A vacuum evaporator constructed m these liboiatorics was 
or the evaporation of the solvents. 

Uccommendcd Procedures — 

1. Extraction; Duplicate 1 ml aliquots of oxalatcd plasma are mixed with 2 ml 
/30 phosphono acid in separatory' funnels containing 10 ml. chloroform The acidi- 
ilasma, pH 4 5 to 4 S,- is extracted with the chloroform by gently' rocking the 
itory funnel 20 times to and fro about an axis passing through the stopcock Tlie 
iform layer is slowly drained through tlio pledget of glass wool and collected in a 
round bottom flask which can bo fitted to the vacuum evaporator. The extraction 
leated with two additional 10 ml portions of chloroform. The combined extracts are 
ntrated to dryness at room temperature Sann>les can be left at this stage 
£. Color dciclopmcnt' To one of the dry residues is added 2 ml. of Ehrlich's reagent 
on. To tlic other diy residue 2 ml of alcohol is added. To a clean flask 2 ml. of the 
li's reagent solution is added. All 3 aic taken to dryness as above. (The second sample 
ts for the amount of color extracted fiom the plisma by the chloroform, the “chloro 
blank’’ [CB], and tiio third flask corrects for the amount of color due to the reagent, 
‘reigent blank” [RBJ. See paragraph on calibration below and also the Discussion.) 
The dry residues are then heated for 2 5 liours in a water bath at 70® C. ± 1° C. To 
lit furtlicr development of color the flasks arc then removed and cooled iii running tap 

5. Spectrophotometry. Ten nulhliters of alcohol is added to the dry residues, and the 
bances (optical densities) of the solutions arc measmed at 395 m/x with alcohol in the 
Mice cuvette uithin 8 minutes after the alcohol is added 
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4. Calibration: Aliquots of 1 ml. of the standard sodium tolbutamide solutions arc added 
to plasma from a person not on tolbutamide therapy. One milliliter of M/lo phosphoric 
acid is added to eacli sample and the samples are carried through the above procedure. From 
the data a plot of absorbance versus concentration of tolbutamide can be prepared or alterna¬ 
tively the average absorptivity can be calculated. Beer’s lau- Nvas followed in the range 0 
to 200 pg tolbutamide per milliter of plasma; absorbances of about 0.07 to 0.70 were 
obtained. A positive intercept in the calibration curve results from the use of alcohol in 
the reference cuvette instead of the unstable reagent blank. 



Fig:. 1.—Absorption spectrum of tlie tolbutamide; Ehrlich’s reagent chromogen (molar absorp¬ 
tivity calculated on the basis of tlie tolbutamide concentration of the flnal solution). 

DISCUSSION 

The coloi’ producing reaction between tolbutamide and Ebrlicb’s reagent 
could not be made to take place in solution although various types of solvents 
were used.® However, bj’ heating the dry residue obtained as described re¬ 
producible results were obtained. 

Pig. 1 is a plot of wave length versus molar absorptivity. Since the ab¬ 
sorbance changes so rapidly with decreasing wave length it is important that 
the wave length scale of the instrument is accurate. 

The color does not fade rapidly. There is no fading during the first 8 
minutes. A 4 per cent fading occurred during the next 22 minutes. 

The customary reagent blank, i.e., no plasma plus the reagent, is not used 
in the reference cuvette because this would necessitate a reagent blank for each 
3 determinations as the color of the reagent blank is also unstable. The ahsorh- 
ance of the reagent blanlv was determined each tune a new Ehrlich’s reagent 
solution was made. The absorbance of the reagent blank is fairly reproducible 
(see Table I). 
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In a clcteiniinatioii such as tins the blaiiL value ot plasma (no tolbiitaiiiide 
picsent) IS due to two iactois One is tlic coloi e\tiacted fiom the plasma by 
the chloiotoim (the chloiofoiiu blank) and the othei is the piesence of mateiials 
o\tiacted b} the chloiofoim ^\hIch icact ^^lth the Ehilichs icagcnt to pioducc 
color (the plasma blank) Tlie fii^>t factoi can be evaluated leadiK h} caiij 
iiig a sample tluough the piocediue and not adding the coloi pioducing le 
agent Foi tlic evaluation of the second faotoi a /cio lioui sample is necessai} 


Table I Fvvluvtion op Blank Vvlues 


ILASMV 

SAMPI E 

A, 

PLVSMV 
(ETC ) + i 

IHRLICiPa 1 

1 1 VOLNT BLVNK 

NOPL.VSMV 
( ETC ) + 
FHRr Ten’s 

CIICL, BLANK j 

ILVSMV (ETC) 

+ NO ElIPLICU’S 

1 UVSMA BL.VNK 

Vo - (RB+ CB) 

Vaa. j 

TOUiUTVMIDF 

1 QUIVALENT* 

Amj 

1 TOLBLTVIIIDL 

1 EQUIVAI ENT* 

ST 

0 099 

0 08G 

0010 

3 fig /ml 

0 003 

1 fig /ml 

DEG 

0 093 

0 077 

0010 

3 

0 00(3 

2 

RCAt 

0 089 

0 078 

0 003 

2 

0 006 

2 

PO 

0 0S3 

0 070 

0 008 

3 

-0 001 

0 

D^YA 

0 03-4 

0 07j 

0 002 

1 

0 007 

2 

ERB 

0 082 

0 073 

0 001 

0 

0 008 

2 

POL 

0 090 

0 081 

0 000 

2 

0 003 

1 

PT 

0 035 

0 070 

0 003 

2 

0 004 

1 

cir 

0 090 

00H> 

0 008 

2 

-0 003 

-1 

RM 

OOSS 

OOSI 

0 007 

2 

-0 002 

1 




Vverage 

23 


09t 


'Absorbance oC 0 001 ^ Q 2 fig tolbutamide per naiMUter of plasma 
tDlabctlc patient 

^Average correction for zero hour sample 


Then the plasma blank, PB = total absoibance (Ao) - reagent blank (RB) - 
chlorofoim blank (CB) Tlic data in Table I indicate a plasma blank cquiva 
lent to about 1 fig tolbutamide pei milliUtci Since plasma levels of tolbuta¬ 
mide range fiom 30 to 200 ^g’ pei milliliter foi individuals receiving the 
diug^ 3 i plasma blank ma> be ignoied, tlius, the need foi a zero hour 
sample is obv latcd 


Table II Recoveiv of Added Toibutamide FRoar IIuvivn Plasmv 
(Micrograms per miUilttcr of plasma) 


VDDED I FOUND | I EB CENT RECOVERS | VVERAGE 


83 

89, 

90, 

81 

107 2 

108 4 

97 o 

104 

5 

111 

115, 

116, 

115 

103 6 

104 5 

103 6 

103 

9 

138 

148, 

142, 

135 

107 2 

102 9 

97 8 

102 

6 

1Gb 

173, 

170, 

151 

104 2 

102 4 

91 0 

99 

2 

194 

191 

193, 

187 

98 5 

99 5 

06 4 

98 

1 

222 

210 

208 

208 

94 b 

93 7 

93 7 

94 

0 


A\eragc ± ataudard deviation (n = 18) 100 4 5 2 per cent 


The recovery of added tolbutamide to human plasma is shown in Table II 
The average lecoveiy is 100 4 pei cent with a standard deviation of 5 2 pei cent 
The values have been collected foi the chloioform blanlc but not for the plasma 
blank That is, the data aie compaiable to the situation wherein a zero houi 
sample is not possible 

Hemolysis was not a problem in tliese studies 
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SUMMARY 

A procedure is described for the determination of tolbutamide in human 
plasma. The acidified plasma is extracted with chloroform, the chloroform ex¬ 
tract is taken to di-yness, an alcoholic solution of Ehrlich's reagent ( 2 J-N-di- 
inethylaniinobenzaldehyde) is added and the solution taken to dryness. The 
dry residue is heated at 70° C. for 2.5 horn’s. Alcohol is added and the ab¬ 
sorbance of the solution is measured at 395 in^i. The average recovery of tol- 
bixtamide fz’om liumazi plasma has been 100.4 per cent witli a standard devia¬ 
tion of 5.2 per cent. A zero hour sample is not necessarj'. 
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AN BIPROVi::\IENT OV THi: ilETIIOD FOR DETERAIINATION OP 
PIjASilA AND URINE IIE5IOGLOBIN 
ThFLMiR .lOHNisON, B S 
AV \sui\GTo\, D C 

T IIE benyuhne method foi the measurLineiit of small amounts of hemoglobin* 
utili7es undiluted siiecimens \\hcii the eoiiccutiatioii of hemoglobin is less 
than 30 mg pci 100 ml "With highei eonecntiations, appiopiiale dilution of the 
unknown is nectssaij, a pioeess which consumes time and ma> leducc accuiae\ 
The piecise measuiemcnt of a \ei\ small \oIumc would peiimt the use of un 
diluted matciial c\tu when the conccnti ition of hemoglobin is lelatnelj high 
The piiipose of this eommunioation is to dcsiube a modification of the “Dacic 
pipette”” which ma} bo used foi the measuiemcnt of \olumes as small as 1 
lambda This peinuts the use of undiluted specimens with concentiations of 
hemoglobin as high as 400 mg pti 100 ml 

MUHObs 

The instruiueut consists of *1 Pssftur pipette used to biace i <*111111 length of capillirj 
tubing ihis tubing is broken to a desired length—to coruspoiid to the ipproxiniatc \olume 
to bo measured—and is inserted into the tip of the pipette and Used theie with a bit of 
modclmg claj In tho rubber bulb of tiit pipette, a hole is made about 2 nun in dnuieftr 
(Fig 1) Tho reagents used are those employed for tho Icnzidim, method an icid solution 
of benzidine, lijdrogcii peroxidt,, and acetic icid » 

The tubing is, filled b> holding the pipette horizontal and touching the tip of the capil 
111} to the surface of the liquid to be mtasuitd This means that the test tube of liquid 
must be tipped to bring the liquid to tht riui The capillar} is emptied b} holding tlie pipette 
vertical aud permitting tlic liquid to run into the benzidine solution To empt} it complete!}, 
the hole m the rubber bulb is covered with the finger tip, and the bulb is gcntl} squeezed and 
released to emptj and rmse tiie capiHar} The hemoglobin benzidine mixture is now treated 
with hjdrogca peroxide in the usual manncri and tho xntcnsit} of color winch develops is 
measured pliotonietricall} It is unnecessar} to hnou the exact volume of the capillary, be 
cause the same capillar} i*, used to measure an identical amount of a standard hemoglobin 
solution and the results of the standard and the unknown arc compared to derive the concen 
tration of hemoglobin in the unknown The same capillary may be used to measure an entire 
series of unknowns if, after cicli measurement, it is rinsed first with water and then with 
acetone 

The standard solutions of hemoglobin are prepared first b} measuring tlie concentr ition 
of hemoglobin m a sample of whole blood by the cjaniuethernoglobm method 3 The red cells 
are then hemolyzed by freezing and thawing and the blood is diluted with a mixture of saline 
and glycerol (equal parts) to achieve several desired coneentratious 20, 80, and 200 mg of 
hemoglobin per 100 ml provide a satisfactory covering of the concentrations measured by this 
method These glycerolized preparations are stable and niaj be retained and used for m my 
months * 

^ From the Department of Hematologv Walter Reed Array Institute of Research Walter 
Reed Army Medical Center Washington D C 
Received for publication July 14 1958 
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RESULTS 

Several trials were undertaken to establish the limitations of the method. 
Table I demonstrates the reproducibility of results when two pipettes were used 
to measure repeatedly a single sample of plasma. There is less than 1 per cent 
variability. Table II demonstrates the results of a “blind” experiment. A 
sample of plasma was stained by adding to it a small amount of gentian violet 
so that the operator could not estimate bj^ eye the liemoglobin concentration. 



V 

J 

I 

I 

I 

t 

-PLASTICINE 

-SMALL CAPILLARY TUBE 

Fig. 1.—A modiflcation of the Dade pipette to enable measurement of small volumes. 


Then the sample was divided- into 6 tubes and a small amount of hemoglobin 
was added to each, measuring it to achieve concentrations of approximately 40, 
60, SO, 120, and 200 mg. hemoglobin per 100 ml. The concentration of hemo- 
globm of each specimen was measured on 3 different days and the results are 
shotvn in Table II. In each instance the results agree within about 5 per cent. 

It is possible to encompass the entire range of plasma hemoglobins using 3 
or 4 of these little pippettes, each a different size. Table III demonstrates how 
this was done udth 3 pipettes, the approximate volumes of which were 20, 5, and 
1.5 lambda. For any given imlvnown the proper pipette is selected so that the 
reading of transmittance on the photometer scale lies within the range of best 
accuracy of the instrument, which is -asually between 20 and 80 per cent. 
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TaHIL I lUUlCVlL UtTERMlNATIONS OP PlASUA UMIOCLOUEN PtrKlKMLD ON \ SVMlLE Ot 
Pi ASM V Using Two Pipettes 
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29 

87 0 
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31 

87 0 
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29 

37 0 

13 

31 

87 0 
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29 

87 0 

34 

31 

87 0 

15 

-9 

37 0 

15 
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86 S 

St indard 

oG 

40 0 
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38" 

40 0 


Table II “Blihd’* Determin vtion of Plasma Hemoglobw in Stained PliVsmvs Contun 
INQ AFIRO\i\iatei\ 40, bO, 80, 120, 160, and 200 mo per 100 ml 


1 

, TUBE 

1 1 
\ PERCENT 1 

[ TUBE 1 

MO 1 

PEI CENT 1 

i TLBE 

1 MG 

i lEP CENT 

Nov 18 

1 

39 

Nov 20 1 

iS 

2s()\ 2 j 1 

42 
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00 

2 

C2 

2 

37 


3 

80 ' 

3 

90 ' 

3 

00 


4 

114 1 

4 

115 1 

4 

118 


5 

163 ! 

5 

173 

5 

173 


6 

201 1 

6 

201 ! 

6 

201 


Table HI De-ionstratiso the Use of Pipettes op Several Sizes to Pfrmit Measure 
mevt op V Wide Range op Plvsju Hemoglobw Concentuvtionn 


PIPETTE 1 

1 PIPETTE 2 1 

1IPLTTE 3 

APPROAIM \Tb V OLUME 

VPPROXIM \TE VOLUME 

APPROMM VTE \ OLUME 

20 LVMBDV 

5 LAMBDV 1 

1 5 LVMBDV 

PLASMA Hb 1 


PLASM vHb 

1 

PLASM V 11b 


CONCENTRATION 1 

PIIOTOMETLF 

CONCENTRATION 

piiotometepI 

CONCENTRATION 

PIIOTOMETFR 

(mg/IOOml) 

READING 

(MO /lOO ML ) 

READING 

(MC/IOOML) ' 

t READING 

0 

0 

20 

79 

80 

70 

10 

34 

40 

57 

100 

03 

20 

32 

GO 

44 

120 

04 

30 

IS 

80 

35 

lOO 

58 



100 

27 

200 

52 

_ 


120 

21 

300 

33 




_ 

350 

29 





400 

2o 

— 

- 

__ 


450 

21 


Occasionally a specimen may be encountered vvlieie the concentiation of 
lieinoglobni exceeds 400 mg Such specimens may be diluted and measnied bv 
the benzidine method or, bettei, the concentration of hemoglobin may be meas 
ured directly by the cv anmethemoglobiii technique,^ taking care to add a suf 
ficiently large volume of the unknown and correcting the results accordingly 

SUJIMARY 

A modification of the “Daeie pipette” is described which permits the meas 
urenient of small volumes of plasma or urure Tins permits the use of the 
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RESULTS 

Several trials were undertaken to establish the limitations ol' the ineLliod. 
Table I demonstrates the reproducibility of results when two pipettes were used 
to measure repeatedly a single sample of plasma. There is less than 1 per cent 
variability. Table II demonstrates the results of a “blind” experiment. A 
sample of plasma was stained by adding to it a small amount of gentian violet 
so that the operator could not estimate by eye tlie liemoglobin concentration. 

-Small hole 
RUBBER BULB 


V 


H-PLASTICINE 

H -SMALL CAPILLARY TUBE 

Fig. 1.—A niodiBcation of the Dacie pipette to enable measurement of small volumes. 




Then the sample was divided- into 6 tubes and a small amount of hemoglobin 
was added to each, measuring it to achieve concentrations of approximately 40, 
60, 80, 120, and 200 mg. hemoglobin per 100 ml. The concentration of hemo¬ 
globin of each specimen was measured on 3 different days and the results are 
shown in Table II. In each instance the results agree within about 5 per cent. 

It is possible to encompass the entire range of plasma hemoglobins using 3 
or 4 of these little pippettes, each a different size. Table III demonstrates how 
this was done ivith 3 pipettes, the approximate volmnes of Avhich were 20, 5, and 
1.5 lambda. For any given unknown the proper pipette is selected so that the 
reading of transmittance on the photometer scale lies within the range of best 
accuracy of the instrument, which is usually between 20 and 80 per cent. 
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CLINICAL AND EXPERIMENTAL 


EAKLV AND LATE IIE.MODYNXMIC EFf’EL'TS OP MITRAL 
COinil.SSL-ROTOMV 

Wii LI VM S L^on-?, Jf D , Roulut O Tompkins, MI),* Jons IV IvinKLiN, M D , 
\ndE\ki, 11 Wood, M D , Rii D 
Rociifstfh, Minn 

T he liemoiUn.iniie cliciiigcs in ihc immoliatc posloiioratuc peiiod ami shoit 
toini folloMiiii' mitial (oiiimissurotonn ha\e been lepoited In se\eial 
autlioiN'An CNtclIcm loiigteiin cliiinal stiuh h.ns been publislied b^ Ellis 
and Ilaikcii’, honinei nitb two cNccptions,* ■’ pnldisbed reports on the circula 
toij driiamics m tbe longteiin postopciatnc pciiod bare been fen and latbei 
limited" “ 

The patients coiistitiiting tlie senes to be dealt nitli lieiein ncie tbe fiist 
12 among those sub]ectcd to milial commissuiotonn diiii.ig tlic peiiod Apiil, 
1951, tliioHgli Octobci, 1952, nho accepted light lieait latlieteiiration 3 oi mote 
times and nhose iollon ups lia\c been extended ■IV 2 to G seals fiom the dates of 
opeiation A standaid tecbiiujue ol eatbctciiration nas used' " Geneialls, 
the occasions weie 1 neek betoie coimiiissiiiotonn, 3 neeKs aftei (lange 10 to 
90 dais), and 1 seal aftei (tange 8 to 30 montlis) 

A biief siuiimais ot the lieniodsnamic data obtained has appealed else 
sslieie" This papei is to piesent the complete data on these 12 patients, fulls 
documenting the eailiei statements coiiceiniiig them, and to oftei an analssis 
ot tbe data 

troin Uie Alajo Clinic an*l "M lyo foundation Rochc'stei Minn 

V portion of thia material is derived from a thesis aulinntted b> Dr Tompkins to tlie 
Graduate bcliool of the University of Minnesota in partial fuIHliment of the requirements 
for the degree of Master of bcience in Medicine 

The Ma>o Foundation is a part of the Graduate School ot the Lniversitj of Minnesota 
•Present address Tulsa Okia 
Ueceived for publication Vug 6 19o8 
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Fig. 1.—Pulmonary artery mean pressure at rest, before mitral commissurotomy, and 
In follow-up studies. The decrease after commissurotomy was consistent and the lower post¬ 
operative pulmonary artery pressure was maintained essentially unchanged through the rest 
of the period shown. The numerals designate the individual patients listed in Table I. The 
broken lines connect values for which corresponding early postoperative data were not ob¬ 
tained. 



Fig. 1!—Pulmonary arterj' Avedge pressure at rest, before mitral commissurotomy, and 
in follow-up studies. After the early postoperative decrease the wedge pressure remained 
practically unchanged through the rest of the period shown. (Details are explained in the 
legend for Fig 1 ) 
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Fig. 1.—Pulmonary artery mean pressure at rest, before mitral commissurotomy, and 
in follow-up studies. The decrease after commissurotomy was consistent and the lower post¬ 
operative pulmonary artery pressure was maintained essentially unchanged through the rest 
of the period shown. The numerals designate the individual patients listed in Table I. The 
broken lines connect values for which corresponding early postoperative data were not ob¬ 
tained. 



PREOP. 2 4 6 8 10 12 14 16 

MONTHS AFTER COMMISSUROTOMY 


Fig. 2.—Pulmonary artery wedge pressure at rest, before mitral commissurotomy, and 
In follow-up studies. After the early postoperative decrease the wedge pressure remained 
practically unchanged through the rest of the period shown. (Details are explained in the 
legend for Fig. i.) 
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1 Mlek Before Commissliotom\, i\ the Evkl\ Postoilrvtivl Phuod, and 
P osTOPH vTi\E Follow Ui 








BKEVTHISO 99 5 PER CENT 







0\\(IN 





Minai 




ML\N 

RH UT \rKUI 

\ VSt 11«\k 

III SlSTVStL 

\AL\E 

C VRDlVC 

ARl^^\ 

ME\N 

W LIK J ' 

M4 VS 

VICF V 

ISDFV 

ME vs 

IRlbblhb 

IRFbSljRI- 

nFbSLRL 


ISIH^V 

(L/MIS 
/M ) : 


(MM IIj;) 

(MM 11k) 

(MM IlKl 

1 rin* 

1 • vut 1 

(t M ) 

(MM Hjr) 

oV 


7 

1,>40 

700 

0 4 

1 7 

47 

OJ 

4J 

— 

1,710 

570 



io 

10 

5 

900 

490 

0 7 

1 9 

32 

33 

JJ 

— 

1,170 

jjO 



J7 

J8 

5 

5J0 

100 

n 9 

1 S 

(0 

Co 

J9 

— 

930 

150 



41 

JO 

() 

1,110 

no 

0 4 

1 0 

40 

07 

— 

— 

1 570 

.— 




J1 

5 

5o0 

140 

07 

J 1 

2( 

3S 

J7 

— 

O80 

JOO 




.S 

15 

S 

oJO 

150 

0 8 

J 1 

30 

3) 

JO 

— 

5(0 

IbO 




0 ) 

34 

4 

I 090 

390 

0 7 

2S 

35 

0-» 



1,0 (0 

— 




JO 

14 

3 

(JO 

100 

1 6 

2 8 

18 

44 

34 

_ 

4(0 

1(0 




JJ 

17 

9 

J70 

70 

1 8 

30 

19 

43 

40 

— 

400 

30 




36 

25 

4 

400 

150 

1 5 

27 

33 

47 

30 

_ 

370 

JOO 




JO 

J1 

7 

370 

70 

1 4 

30 

23 

42 

— 

_ 

410 

•— 




J3 

IS 

3 

370 

SO 

1 5 

23 

42 

44 

J8 

— 

430 

50 




3S 

25 

10 

23 

12 

000 

JOO 

07 

23 

42 

3‘) 

23 

870 

360 

06 

o n 

42 

73 

34 

— 

1,080 

580 




6J 

22 

4 

1,130 

730 

1 1 

2 3 

48 


— 

_ 

_ 

_ 




33 

18 

7 

CoO 

JOO 

12 

2 6 

35 


— 

_ 

_ 

_ 




30 

18 

3 

700 

470 

1 1 

— 

— 


27 

_ 

1,100 

670 





24 

6 

1,500 

1,000 

0 7 

3 1 

56 

84 

IIJ 

27 

S 

1,830 

1240 

0 G 

20 

59 

— 

_ 

3,130 

1 960 




113 

44 

108 

20 

0 

990 

620 

09 

— 

46 

— 

_ 

1,800 

— 




18 

43 

1 

1,000 

1,730 

590 

1,040 

08 

2 6 

40 

53 

34 

9 

610 

290 

08 

o o 

47 

31 

— 

• _ 

_ 

— 




16 

0 

710 

340 

• 09 

2 1 

25 


— 

_ 

_ 

— 




43 

10 

4 

510 

310 

1 5 

24 

18 

26 

— 

470 

190 







J I lb i'v Clin \Ie<) 
\pnl 193 ') 


506 LYONS, TOHPiaNS, KIEKLTN, AND WOOD 


V- 

H? 

in 


q: 

u 

q: 

< 

>• 

cr 

< 


O Q 


< 

H 

O 


1900 

1700 

tsoo 

1300 

1100 

900 

700 

500 

300 

100 

MONTHS AFTER COMMISSUROTOMY 



-t_I_I_1_I_I_!_ I I I I I I I I I I I 


PREOP. 2 4 6 8 10 12 14 16 18 


nionao arteiy resistance at rest, before mitral commissurotomy, and 
in The total pulraonaiy vascular resistance decreased consistently and 

the u»ci _ values ueie maintained uithin the limits of eiror of such deteiniina- 

tions through the lest of the peiiod shown (Details are explained in the legend for Fig 1 ) 



Fig 4 — * nee at rest, before mitral commissurotomy, and in 

follow-up stud values were generally maintained within the limits 

of error for su le rest of the period shown. (Details are explained 

m the legend for Fig 1 ) 





VofumejJ HEMODYNAMIC EEPECTS OF CO'MillSSDKOlOxMY 

NuroUr 4 


507 


In these 12 cases ])ulmonary aitciiolai tesistanee compiiscci loughlj half 
of the total lesistanoe actoss the Icssct ciiculation The imi)io\ement with le 
spect to tins vanahle was pioportioiial to the reduction in total pulnionaiy lo 
sistanee (Pig 4) 



I<ii? 5-<-Ch<inf,cs m canliac output with exercise t>eforL initril conin)]ssuiotoni> <ind in 
follou up studios The Improvement in the Increase of cirdlac output with oxercKe uai 
noil maintained during: the period shown (Details arc explained in tlie legen 1 for 1 ig i ) 

Cauliac Index Vunng Rest and Uxeictse —Tlie nornnl caidiac inde\ at 
lest has been gnen by Comnand*® as 3 1 to 3 8 L/min /JP The figiues foi 
healthy subjects sfudiecl^'^ in this lahoiatory arc 2 7 to 43 L /mm /Af * uith a 
mean incieaso on a standaid foim of c\cicise of 1 0 to 3 2 L/min/il^ Of 
tlie 12 patients in tlie piesent senes, 8 showed a use m the lesting' eaidiac 
index postopeiatuely (Pig 5) Sin of these were patients whose pieopeiatnc 
index was subnoimal, that is, below 2 7 L/min /jM * (Table I) Preopeiatnelj, 
the 10 patients fiom whom the comparatnc data were obtained could mciease 
their resting caidiac index bj an aveiage of only 12 per cent (310 ml /mm /M") 
in lesponse to exercise In the eajlv postopeiative period tJiej were able to 
mciease it bj 33 pei cent, and 8 to 30 months postopeiati\cly the eiitiic senes 
of 12 produced an a^ciage increase of 48 pei cent The absolute mciease m 
iespouse to exeicise correlated well with the degiec of clinical improvement 
(Fig 6) At 8 to 30 mouths postopeiativch the 7 patients who had improved 
fiom functional Class III oi IV to Class I weie able to increase then caidiac 
index above the lesting level b\ 11 L/miu/jr” oi moie, for an aveiage in- 
ciease of 1 5 Li/mm /M ^ The 5 patients who had imjnoved fiom Class III to 
Class II weie able to increase then index by an aveiage of 0 9 L/min /M ^ 

StioJ e Index--In liealthv' subjects, luider tlie conditions of exeieise m this 
laboiatoij, caidiac output is ineieased piiinaiil^ through an mciease m heait 
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Table I— 









OXYGEN 




AGE 

N. y. 




CONSUMPTION 

CiVRDIAC 



AND 

HEiVRT 



HEART 

(ml./min.- 

INDEX 

CASE 

TIME OF STUDY 

SEX 

GROUP 

STATE 

1 (M-=) 1 

RiVTE 

/M.2) 

(L./MIN./5I.2) 

9 

Preop. 

32 

IV d 

B 

1.52 

96 

142 

,3.0 



P 


Ex 


120 

214 

3.0 


Postop. 5 wk. 


II e 

E 

1.46 

64 

133 

3.0 





Ex 


102 

348 

4.5 


Postop. 9 mo. 


I b 

E 

1.52 

66 

143 

3.3 





Ex 


112 

452 

4.8 


Postop. 58 mo. 


II b 

E 

1.56 

150t 

149 

2.9 





Ex 





10 

Preop. 

42 

III c 

E 

1.56 

80 

113 

2.3 



P 


Ex 


93 

244 

3.3 


Postop. 5 wk. 


II c 

E 

1.56 

93 

120 

3.0 





Ex 


126 

339 

4.5 


Postop. 8% mo. 


I b 

E 

1.62 

76 

115 

2.4 





Ex 


138 

405 

4.2 

11 

Preop. 

38 

III c 

E 

1.30 

76 

138 

3.5 



P 


Ex 


130 

389 

4.3 


Postop. 5 wk. 


II b 

E 

1.30 

90 

170 

4.2 





Ex 


114 

338 

4.1 


Postop. 8% mo. 


II b 

E 

1.35 

96 

135 

3.4 





Ex 


124 

425 

5.0 

12 

Preop. 

31 

in d 

E 

1.45 

80 

135 

2.1 



P 


Ex 


114 

262 

2.4 


Postop. 16 days 


II 0 

E 

1.40 

no 

157 

3.3 





Ex 


124 

388 

4.9 


Postop. 8% mo. 


I b 

E 

1.49 

72 

126 

2.5 





Ex 


132 

391 

3.8 


Postop. 47 mo. 


II e 

E 

1.50 

88 
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2.4 





Ex 



333 

2.7 

zVverages 








Preoperative (1 week) 



E 



135 

2.6 





Ex 



278 

2.8 

Postoperative (10 to 90 days) 


E 



136 

2.9 





Ex 



311 

3.9 

Postoperative (8 to 30 months) 


E 



128 

2.7 





Ex 



390 

4.0 


K nz resting state; Ex zz on exercise. 

•TPR z= total pulmonary resistance. 
tPAR = pulmonary arteriolar resistance. 

JAtrial fibrillation occurred. 

artery ivedge pressure at rest or on exercise. The clinical improvement was 
very satisfactory, however, and a significant increase in cardiac output during 
exercise was demonstrable. With regard to the rise in wedge pressure with 
exercise, the comparative data are available on 5 patients before operation and 
814 to 12 montlis after operation. The average mean wedge pressure at rest 
for these 5 patients was 27 mm. Hg (range 20 to 31) preoperatively with a 
rise to 38 (range 29 to 42) on exercise. At determinations 8i/^ to 12 months 
postopei'atively, the average mean wedge pressure at rest was 19 (range 12 
to 28) with a rise to 30 (range 20 to 43) on exercise. Thus, the increase in 
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the mean ■wedge piessuie on c\eicisc SYj to 12 inontlis postojjeiatucly ■was 
lathei closely piopoitioiiatc to the picopciatue increase Ilowevci, absolute 
values weie subAaiitiallj Io\vei, so lu 4 of the 5 patients the postopeiati%e 
mdge piLSsuie during exercise ^^as appioximatch equal to oi consideiably 
lowei than the pieopeiatuc xaliic (Imiiig icst 

Calculated Puhnonaty Va^enUn Resistance —At lest and during exercise 
the calculated total pulinonaij lesistaiitc ^vas leduccd bj in avciage of appioxi 
mately 45 pei cent in the iimnediate postopciative peiiod, and although in 
duidual patients showed ineieascs oi dceicases on iestud'\ at 8 to 30 months 
aftei operation, the inatoi poitioii of the lai;»e initial reduction was uiiifoimh 
maintained (Cig 3) 
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PREOP. 2 4 6 8 10 12 14 16 18 


MONTHS AFTER COMMISSUROTOMY 

Fi(j. 3.—Total pulmonary artery resistance at rest, before mitral commissurotomy, and 
in follow-up studies. The total pulmonary vascular resistance decreased consistently and 
the lower postoperath'e values were maintained within the limits of error of such determina¬ 
tions tlirougli tlie rust of tlie period shown. (Details are e.\plalned in tlie lesend for Kltr. 1.) 



Fig-. 1.—Pulmonary arteriolar resistance at rest, before mitral commissurotomy, and in 
follow-up studie.s. The lower postoperative values were generally maintained within tlie limits 
of error for such determinations through the rest of the period shown, (Details are explained 
in the legend for Fig. 1.) 
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In these 12 eases pulmonaij aiteiiolai icsistanee compiised loiighlj half 
of the total icsistanee aeioss the Icssei eiiciilation The impioiemelit luth le 
spect to this laiiahle was piopoitioiial to the leduction iii total piilinonai.i le 
sistancc (Pig 4) 



Fif, 5—Change'S In carOlac output nith exercise before nntriil coinmissuiotom) in 
fol1o\\ up studies The inipro\einent in the increase of cardiic output with exercise w is 
well maintainel during the pcrloil ^hown (Details are explained in the legend for Fife, 1 ) 

Cmihac Index Dunny Rest and Cxeicise —The noimal caidiae iiKle\ at 
iCbt has been given bv Couinand‘® as 3 1 to 3 8 L/min/iP The figiucs foi 
healthy subjects studied*® iii this laboiatoiy are 2 7 to 4 3 L/miii/OI'’ with a 
mean iiiciease on a standaid foim of e\eicise of 10 to 3 2 L/min/3I® Of 
the 12 patients in the picsent series, 8 showed a use in the icstiiig caidiac 
index postopoidtivelj (Pig 5) Six of these ucie patients whose pieopei.itue 
index was subnoiiiial, that is, lielow 2 7 L/min /j\I“ (Table I) Pieopeiatueh, 
the 10 patients fioni whom the comparative data weic obtained could inciease 
tlieii lesting caidiac index bj an aveiagc of only 12 pei cent (310 ml /min /OI'’) 
in response to exeicise In the earlv postoperative peiiod they weie able to 
meiease it b> 33 pei cent, and 8 to 30 months postopeiativelv the entnc senes 
of 12 pioduced an aveiagc iiiciease of 48 pei cent The absolute incicase in 
1 espouse to exeicise con elated well with the dogiee of clinical impiovement 
(Pjg 6) At 8 to 30 months postoperativeh the 7 patients who had impioved 
fioin functional Class III oi IV to Class I weie able to inciease then caidiac 
index above the lesting level b> 11 L/mm/jM'’ or inoie, foi an aveiagc in 
eiease of 1 5 L /min /ll = The 5 patients who had impioved fiom Class III to 
Class If weie able to increase their index bj an aveiago of 0 9 L /mm /I\l - 

Stiole Index —In liealthv subjects, uiidei the conditions of exeicise in this 
Jaboiatoiv’-, caidiac output is incieased piimaiily thiough an inciease in Iieait 
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Fiu G.—ReIj.tion.sliip of c<irdiac output at rest (left panel) and change with e\orclHt 
(right panel) to the clinical htatus of the patients hefoie and after mitral tommlssurotoniy 
The broken line shows the trend of average values. Between the cardiac output at rest and 
the clinical status of the p.itient, no correlation is apparent However, the correlation of 
clinical status with the increase in the caidiac output associated with exercise Is signifleant 



h'lg 7—iilitr.il v.ilvi* ait.i index at lest before mitral commissurotomy and in follow-up 
studies. Altliougli there w.is no improvement witli respect to this v.iriable in several cases. 
ni ither w.is tiure significant deterioration during the rest of tlie period sliown (Det.ills are 
explained in the h gend for Fig 1 ) 
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itite and the change noted in the stioke iiulev \aiies beb\eon limits of —16 7 
to +14 7 nd /beat/min /!£= Onlj one patient of the present senes sho^\ed a 
change in the stioke iiidc\ outside this lange ot ^aIlles pieopeiatueh oi post 
opeiatu ely 

Mitial Viilie Aiea Index —The foiimila ot Ctoilin and Goiliid nas used 
in (.aleulating the initial \ahc aiea index The theoretical limitations of the 
foimula nith lefeicnce to actual anatomic conditions aie ncll known, howc\ei, 
It IS of \alue as an index foi compaiisoii fioiii patient to patient and piiticu 
lail\ foi compaiison liefoic and aftei optiation in the same patient In the 
seiics of 12 this index a^elagLd 08 cm '* pieopeiatueh, 1 2 cm 10 to 90 da^s 
postopciatueh, and 1 2 cm ” 8 to 30 months postojici itueh (Pig 7) Dexter^^ 
has stated that hiigci tiactuie nun be expected to incicase the initial \ahe aiea 
bj onh 30 to 50 pei cent Altliough in this senes the kiiite was used icgulaih 
to supplement fingci fiactiue, the a\ciage inciease in initial \al\e aiea pio 
duced b\ commissiiiotonn was simii ii to that which Dcxtci obseiNcd But 
lesults were not uiufoim in 7 cases the calculated postoperatue initial area 
was twice the pieopeiatuc Aalue, and in 5 cases it lemaincd csscntialh un 
changed (Table I) 

Blood Piessuie and hyitcimc Rc^tdance —In tlie 12 patients ot this sciics 
the sAstemic blood picssuic tended to be subiioimal before commissuiotomj , and 
the total s\steiuic icsistance* was consisteiith high Noimal \aliies foi this 
laboiatoij iccoiding to the data of Baiiatt Bo\cs and ^Vood* uc sAstemic 
picssuie, 135 sAstolic and 71 diastolic (standaid de\iations 15 7 and 7 4) with 
a mean of 91 (S D 8 7), and total systemic icsistance, 1,130 ± ITS djiic sec 
cm 

Pieopeiatueh in this senes ot patients the picssuies weic s\stolic 114 
(iaii„e 93 to 139), diastolic 66 (laiige 58 to 86), and mean 82 (lange 71 to 97) 
The aieiage s^stelmc piessiues 10 to 90 dais postopciatueh weie sAstolic 124 
(langc 87 to 156), diastolic 65 (langc 49 to 83), and mean SO, (langc 62 to 
104) These figuies wcic piacticalh unchanged at follow up 8 to 30 months 
aftei opciation 

The total s\stemic icsistance avciagcd 1,580 dMic sec cm (lange 965 to 
2,470) pieopeiatueh, 1,460 (langc 940 to 2,140) at the cnl> postopeiatue 
stud}, and 1,580 (laiige 1,060 to 2,160) 8 to 30 inoiitlis postopciatueh 

Response to Bicathing Ihgh Oxygen l/ij:<urcs—In the 12 patients the ad 
mmistiatioii of 99 5 pei cent ox^gen foi 6 mumtes oi moie was followed bj 

I eduction in caidiac output in 18 of 31 compaiatue detcimuiations The a\ei 
age amount of these 18 icductions was 0 52 L/miii/M^ and the aieiage of 
8 uses was 0 26, 5 compaiisons haung been equal The aiciage change foi 
all 31 was a fall of 0 24 L/miii/il'’ Studies on noimal subjects m this lab 
oiatoi\ ha\e shown that the a\eiage fail m the caidiac index when bieathing 
high oxjgeii mixtiues is appioximately 007 L/miii/lIwhich is not statis 
ticalh significant ^ 

•Total s>steinic re&ibtanct. was calcuKted by bubtrartmg lie mean ntlit utiial ure:,surp 

II om the mean systemic arterial pressure 



510 


LYOKS, TOMPKINS, KIKIvLIN, AND WOOD 


J. Lab. & Clin. Med. 
April, 1959 


The breathing of 99.5 per eent oxygen was associated witii a fall in 2 )ul- 
inonary artery mean pressure in 29 of 35 determinations. The average of the 
35 changes was a fall of 6 mm. Hg and the average of the 29 falls was 8 mm. Hg. 

Statistical analysis of the reduction in cai’diac output and the fall in pid- 
monary artery mean pre.ssure which resulted from breathing 99.5 per cent 
oxygen in this study reveals that these changes are of a high order of signifi¬ 
cance. At the present time the explanation for the reduction in cardiac out¬ 
put and pulmonary artery mean pressure is not entirely clear. Systemic re¬ 
sistance apparently rises slightly in response to high oxygen mixtures,^" and 
the fall in pulmonary artery pi’essure is perhaps due to a reduction in pul¬ 
monary arteriolar resistance. 

In these 12 patients the average change in the right ventricular work 
against pressure during the administration of 99.5 per cent oxygen, a reduction 
of 1.5 per eent, is small. However, it is of some clinical significance that in 
mitral disease, at least, this eliange in conjunction with the marked increase 
in oxygen tension in the arterial blood and the increase of approximately 2 
volumes per cent in oxygen content may be expected to produce a significant 
improvement in the transport of oxygen to the body witliout increasing the 
woi'k load 021 the inyocardium. 


COMMENT 

The hemodynamic data avaibible on these patients confirm tlie clinical im¬ 
pression that most of the improvement to be expected after mitral commis¬ 
surotomy is likely to occur in tlie early postoperative period, within perhaps 
3 to 4 weeks after operation. Further clinical recovery in the long-term post¬ 
operative period has been the experience of many, and the data from this 
study are consistent with this observation. However, the small gains noted 
between the early iio.stoperative catheterizations and the recatheterizations per¬ 
formed S to 16 months postoperatively may be con.sidered to fall within the 
limits of accuracy of the techniques employed. AVhat is perhaps most impor¬ 
tant, the objective data obtained 8 to 30 months after operation indicate that 
the improvements which mitral commi.ssurotomy produces in various hemo¬ 
dynamic variables are sustained through the long-term recovery period. 

YaJnc of Early Postoperative Measurements .—In a consideration of the 
possibility of recurrent stenosi.s, data from the eiirly postoperative jieriod are 
necessary for establishing on an olijectivc basis the degree of relief actually 
produced bj" tbe operation. On the basis of objective data obtained before com¬ 
missurotomy, soon after it, and in the long-term follow-up as well, it is pos¬ 
sible to bring into proper perspective the ei 22 otioi 2 al aspects of this therapy. 
Without question the psychologic impact of commissurotomy is great in many 
cases and is, of course, most influential in the early recovery period. The 
many hemodynamic studies from the early recovery period denionstrate that 
objective improvement, which u.sually is sliglit to moderate, is nevertheless real. 
In addition, i-cstudy of the 12 patients in this series in the long-term recovery 
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l^euocl shous cleaily that llie hemodynamic gams lecoulcd immediately aitei 
initial commifc-suiotomy lemamtd lelatnch unchanged in the leniaindez’ ot the 
peuod, 8 to 15 monthb iollowing opeiatioii 

De\tcr‘® has speculated on the piobable lasting eftecls of this opeiation 
and has suggested that stenosis would not iccui except with a lecuiience of 
caiditis Weiko and co-woilceis^ ha\c stated that without infoimation on the 
peunaneiice ot \al\otQUij, CUoup II cases should not lie ofteicd this opeiatioii 
—that consideiations laigcly piophydactic do not justify conimissuiotomy TJie 
data obtained in tins study piovide some answci to tliese pioblems, toi it can 
be said ceitanily toi the gioup, and with lemailcablc consistency for tlie in- 
duidnals, that tlic licmodynamic impioicmcnt measiued at tlie eaily’ postopei' 
atiVG study wms maintained foi a year oi moic Iollowing opeiatioii These 
hnduigs aio consistent with the obsei\atioii of Sancetta and co-woikeis,“ who 
catheteiued 11 patients hefoie initial eommissinotomy and C weeks and 12 
months attei it, and found that in 7 patients witJiout associated \al\iilai lesions 
the hemodynamic impioienicnts noted at C weeks weic maintained to the time 
of tlie 12 month study 

ConclaUon of Ohjcctnc Data Climcal Status —Pulmonaiy' aiteiy' 

moan piussuio has lieen thought the most leliable olijecluc ciitciion of the 
se\euty and symptomatology ot initial stenosis, and many postopeiativc hemo¬ 
dynamic studies ha\e been based on dctcimmations of this lactor and the wedge 
picssiuc onlv Ilowciei, Ellis and associates^ found only poor coirolation of 
pulmonaiy' aitcn picssiuc with the dcgicc ot disability in eases without opcia- 
tion, and Janlon and co*woikeis-‘* noted only \en gencial coiiclation between 
the fall ni pulmonau aiteiy picssiuc aftei commissiuotomy and the dogieo of 
chmeal impio\ement Eliaseir^ toiind the aiciagc mean pulmonaiy' aitciy pics 
Slue to be lowest in New Yuik Ileait Association Gioups I and 11, Jiighei in 
Group III, and highest in Gioup IV, Jioweici, lie also noted inaiked incon 
sistency in indn idiial cases 

In this study’ the seicial physiologic \aiiablcs detcimincd befoie and 
after the opeiation Inne been compaicd -with the New Yoik Ileait classification 
gioupnigs of the patients (Figs 6 and 8) Significant coiielatioiis weie found 
between the clinical status ot tlie patient and the pulmonaiy’ aiteiy’ mean pies 
sure, pulmonau aiteiy mean wedge picssiuc, total pulmonaiy lesistance, pul¬ 
monary’ aiteuolai lesistanee, pulmonary’ \cnous lesistance, initial vahe aiea 
index, and nicicase in caidiac index with cxeicise No coiielation was demon- 
stiable between the chnical status of the patient and the lesting caidiac index 

Peihaps the hemoclynamic laiiable which usually’ coiielates best ivith tlie 
geneial chnical status of the iiidnuliial patient is the magnitude of tlie incicase 
in caidiac output in lesponse to effoit In this small senes (33 eompaiatue 
deteiminations), all ineieases of cardiac index lecoided fiom patients while in 
Gioup I weic of 1 1 rj/mm/AI= oi moxe (aiciage 15), while no ineiease in 
tlie patients in Gioiips III and IV was gieatci than 3 0 rj/min/jr= (a\eiage 
0 3) Patients in Gioup I, tlien, weie able to incicase tlieir caidiac output in 
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the low normal range; and patients in Oroups III and IV were not. As ex¬ 
pected, patients in Group II occupied an intermediate position with respect to 
this variable and showed an average increase in cardiac index of 0.9 L./min./iM.- 
with several determinations low in the normal range and several well below it. 

Although the level of the mean pulmonaiy artery pressure also shows good 
general correlation with the clinical classification of these patients, the varia¬ 
tions in individual eases point out the desirability of obtaining both pressure 
and flow data in the evaluation of a given patient. 
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Fig. S.—Relationship of Ueniodynamic parameters to the clinical status of the patients 
before ami after commissurotomy, a, PA = pulmonary artery mean pressure, b, TPR = 
total pulmonary vascular resistance, c, MVA = calculated mitral valve area index, d, PAR 
= pulmonary arteriolar resistance, e, PAAV == pulmonary artery mean wedge pressure. /, 
PVR == pulmonary venous resistance (TPR-PAR = PVR). The broken line represents the 
trend of average values within the 4 major classification groups. The correlation between 
tliese objectively determined hemodynamic variables and the clinical status of the patient 
is rough but apparently significant. 


The direct effect of commi.ssurotomy on the almormal hemodynamic values 
juTsent in mitral .stenosis can he appreciated I)est l)y noting the degree of the 
reversion of these values toward normal in individual eases. Reference to Fig. 
9, II, 1), and e shows that in the present scries of patients tlic postoperative de¬ 
creases ill tlie pulmonary artery wedge jn-essure, pulmonary artery mean pres¬ 
sure, and pulmonary arteriolar re.sistance ai-e directly proportional to the de¬ 
gree of abnormality of these variables before operation. Thu.s, those patients 
with the highest pulmonary artery mean and wedge pressures and highest pul¬ 
monary arteriolar resistance before operation received the greatest alisolute im¬ 
provement witii rc.spcct to the.se variable.s. Actually, these findings were nn- 
exiiected, especially with regard to the pulmonary arteriolar resistance. High 
inilmonary arteriolar re.sistanee has been thought by .some to be a relative con¬ 
traindication to commi.ssurotomy, but the data from this series indicate that the 
greatest improvement in this variable may be expected in those ca.ses witli the 
most abnormal preoperative values. 
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Sdsis of Postopciahic Chnngc in Puhnonanj VascuUn Resistance —The 
icisjjonse oi the* piiJ/noiun aitmohii icMstaiicc to initial coniiuissiuotoiny is of 
coiibidei.iblc theoietical intcicbt Othei studies fioiu this laboiataij"^ in 
i\]uch left atiidl and puhnonaii aitcii picssuies ucic tahen m the opeiatiiig 
loom lm]uedldteI^ beioie and attci opening oi the \ahe Iia\e dcmonstiated tliat 
the obsened lediietion in piilinonan nten mean picssuie uas closelj similai in 
magnitude to the smmltaucous leduttion m left atinl piessiue achicicd bj tlic 
commissmotomj Although Fick dctciininations of eaidnc output ivtie not 



Decrease n iied^e pressure (postop) Oecreose in puimanory ortery meon pressure (postop) 




^ relatlonsJiIp of pieopii'ttue saliKs of i ulnioniry trtor> welge inessuit 

aitety mean prc^svHc (l») and pulnionio titerlolar rCMstance (c) to the 
parameters followint, initial conimI«suioto>n> The locreise was directly 
Pf^oper-xtiNC N-xhiev rf The rcHUon of the docrea«ie in piilmonai> artery 
‘hf decioaso In puliiionan arterj mean pressure following mitral coni 
Vnes ®<l“al all points would fill on the liagonal 

mnrp th.n 1 pu/rnon m arterj pressure fxece Is that in. the welgc pressure 

.l.Mto SeSffl^t'dTTabli ? 


made simultaiieoubb with the piessuie lecoidiiigb, tlic piessiiie pulse tiacings 
intlicate th.it caidiac output icmained Cbsentidlh the same foi the tuo sets of 
picssuie tleteimiiiatioiis TJuis the immediate leduction in pnliiioiiaiy aiteiv 
mean piessiiio as a icsiilt of lalvotomj appeals to bo a simple batlvpiessiiie 
plienoniciion 

A fuithu luluttion in pulmonai\ aitei^ lesistanee, laigci piopoition 
ately than tlie leduetioii in the wedge piessuic (Pig 9, d), was iiie.isuied 10 
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to 90 clays after comiiiissurotoiny and was found essentially unchanged on re- 
eatheterization 8 to 30 months postoperatively. Donald and co-workers® also 
ohserred that the reduction in the pulmonary artery pressure was greater than 
the reduction in the wedge pi-essui‘e 2 years after mitral commissurotomy. It 
appears, therefore, that the high pulmonary arteriolar resistance in mital steno¬ 
sis is due at least in j^art to vasoconstrietion, and also that it is partially re¬ 
versible. 

Comparison With Postoperative Effects Reported by Others. —Donald and 
co-workers® have reported recently the hemodynamic findings in 28 patients 
before successful mitral commissurotomy and 20 months after it. They found 
that the most consistent hemodynamic effect of the operation was a reduction 
in the resting cardiac index and a substantial reduction in the pressure work 
of the right ventricle. The data from the present study also show the reduc¬ 
tion in pi'cssure work. However, with regard to the resting cardiac index no 
consistent fall was found. On the contrai-y, the majority of patients in this 
series showed a rise in the resting cardiac index after operation, the rise tend¬ 
ing mo.st strongly to occur in those patients whose resting index was subnormal 
before operation (Table I). With regard to the several other variables deter¬ 
mined in studies of this type, the data from the present investigation show a 
.significant correlation with the clinical status of the patient as defined by the 
Now York Heart classification (Figs. 6 and 8). In the study by Donald and 
associates® this relationship was less apparent, perhaps because a number of 
patients with known combined valvular lesions were included. 

Recurrence of Mitral Stenosis. —The problem of recurrent mitral stenosis 
has been reviewed recently by Belcher.-® He found opinions vaiying from a 
categorical denial of its occurrence to the belief that it occurred only after 
a recrudescence of carditis or after inadequate valvotomy. He reported 4 cases 
of clinical recurrence of stenosis in which these factors Avere thought to liaA'e 
been excluded. Objective hemodynamic e\-idence demonstrating, first, the im¬ 
provement effected by successful operation and, second, the regre.ssion to the 
preoperative status, is scarce. Three patients (Cases 6, 9, and 12) in this series 
pre.sented with clinical evidence of recurrence of stenosis in the third to fifth 
years following commi.ssurotomy. All 3 had been catheterized 1 Aveek preopera- 
tively and recatheterized 16 to 35 clays and 8 to 15 months postoperatively. The 
recurrence of stenosis Avas confirmed Avhen they Avere again recatheterized 41 
montlis to 58 months jmstoperatively. The 4 .sets of data (Table I) demonstrate 
in an objective Avay the hemodAmamic improA-ement effected by commissurotomy, 
the maintenance of this improvement for at least 8 to 15 months postoperativeh*, 
and the subsequent recurrence of stenosis in the fourth to fifth years folloAving 
operation. ^Vs mentioned, 2 of these patients have been re-explored and 
found to have severe mitral stenosis. The third patient has not undergone re¬ 
exploration as yet. 

.Accuracy of Hemodynamic Measurements. —The relatively small degree of 
change between the immediate and later postoperative values determined by 
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caidiac cathcteiizatioii is the suspected inaigiii ot euoi of tliese measiue 

incuts 111 most instances This dcgice ot iepiodiicibilit\ suggests that the actual 
eiioi in the incasuiLmeiits was small On the othei hand, tlie lelatncl} small 
change pioduced b} commissuiotonu in soeeial of the liemodMiamic \aiiables 
indicates tint those paiameteis must be deteimined witli consideiable aceiuac\ 
in oidci to denionstiatc consistenllj the ob]ccti\e iiupio\enunt pioduccd liA 
siiecessful opeiation Tlie‘ need foi both piessuie and tlow data in the pie 
opciatue and postopciatue hemod\nainic inaluation ot these patients is le 
cinplnsized 

SUMMAU\ 

IIemod\naniic dita aio lepoited tiom 12 jnticnts luMiig liad light heait 
catlicteiization 1 week bctoic, 10 to % da\s attoi, and 8 to 30 months aftei 
sitisfactoi> initial comniissuiotonn The data dcmonstiatc that the initial 
elinical and ob]eeti\c impKnement tollowing commissiuotonn was sustained foi 
at least 8 to 30 months in each of these patunts AUliough e\ei\ patient in 
this seues obtained definite clinical and obpetue hemodinamie benefit tollowing 
initial commissuiotonn, each had some digice ot lesidual stenosis aftei the 
opciation All cases lia\o been loUowed up All the patients aic IiMUg 41/2 
to 6 \eais aftei opoiation, and the clinical impio\cmcnt has been maintained 
l)i 9 

Ilowevei, CMdeiice lioth clinical and obpetue (fiom iccatheteii/ation and 
opeiation) ot the iccuuencc ol the picopeiatiic stenotic condition was found 
111 3 of the cases 3 to o jeais aftci commissiuotom^ Keeuiieiice of stenosis 
cannot be cleaih piovcd without caidiac cathcteuzatioii soon after operation to 
establish on an obicctue basis the actual dcgieo of leliof of stenosis obtained 
thiough the opeiatnc piocoduic Both acemaex and completeness aio essential 
in these mcasuicmeiits When tlic nioasuied and deined data iiom deteimina 
tions of picssiiie and ot How aie compaied with the cluneal status of the 12 
patients* of tins senes befoic and aftei operation, significant con elation is 
appaient 

This study was made possible b\ the 'ictne partieipation of ninny clinical and labori 
tory colleagues The a^'^istauce of Drs B BarnttBojes and II T C Sw in, Afr-^ lean 
1 1 ink, and Miss I ueille Cronin w is of particulir iiiipoitaiice 

ICFFFKENCtb 

1 AVerko, L Biorck, G Crafoord C, AAullf, II, Krook, II, md Eliasch, II Pulmonarj 

Circulatory Dynamics in Mitral Stenosis Before and After Commissurotoiii), Am 
Ileait T 45 477 490, 1953 

2 Ale Mlister, 1 F , 1 it^patrick II F, Poweis S II, Jr, Papper, E il, and Ki ihl, E 

Ileniod) namic Studies Made During Mitril Vahe Surgery, Proc Surg Foium, 
Cliu Congicss, Am Coll Surgeon’’, Philadelphia, 1953, AV B Saunders Compain, 
pp 112 311) 

1 AIosco%itz, II L , Gordon, 1. J, Br mnwald, E, Vmram S S , Sapin, S O, Lasser, R p, 
Himnielstein, A, and Ra\iteh, AI M Use of Simultaneous Left Heart Pressure 
Pulse Alcasuremeuts in Uniting the Effects of Alitral A^aUe Surgery, Am J Aled 
18 400 414, 19 j5 ’ 

4 Ellis, L B, Bloomfield, R V, Griham G K, Giecnlerg, D J, Ilultgren, H N, Kraus, 
H , Afare’?)!, G , Alebane, J G Pfeiffer, P II, Seherstone, L V and 'la\lor, J A 
Studies in Alitril Stenosis I A Correlation of Plusiologic and Clinical Findings 
A AI A Areh Int Aled 88 5J5o31,1951 



518 


KORNGOLD, VAN REEUAVEN, AND BRENER 


J. Lab. ^ Clin. MeJ. 
April, 19S9 


This product, which was slightly yellow when in solution, was analyzed hi the Spinco 
Model E ultracentrifuge and by paper electrophoresis. In the ultraceiitrifuge, it scdinveuted 
very similarly to another preparation prepared in this institute by phosphate precipitation,r 
i.o., the bulk of the protein sedimented as a tall sharp peak with a sedimentation constant 
of about 17S; two minor components which sedimented slower and faster than the main 
component were also present. On paper electrophoresis (phosphate buffer, pH 7.6; r/2=0.1) 
it migrated with a uiobiRty between that of alpha-1 and alpha-2 globulin. The yellow color 
of this thyroglobulin pireparation remained after two subsequent precipitations in 1.75 M 
phosphate. There was no apparent antigenic alteration since the final product reacted in an 
identical way as the thyroglobulin of the original thyroid extract; the purified product was 
a good antigen in the rabbit.s 

Vltracentrifugal Fractionation of Sashimoto’s Sera. —Hashimoto’s sera I, 11, and IV 
were subjected to ultracentrifugatiou in a partition cell at 59,780 r.p.m., as described pre¬ 
viously.'' The run was terminated after the 19S peak had passed through the partition. 
Tho contents of both the upper and lower compartments were analyzed for the presence of 
autoprecipitins. 

THEORY 

Human gamma globulin is composed of at least two tj^pes of molecules: 
one with a molecular weight of 160,000, the other with a molecular weight of 
1,000,000. These two proteins have a few antigenic groupings in comnton“ but 
are otherwise imnutnologically distinct and can be identified by the double gel 
diffusion method even when both are present.^ The reagent, antiserum agaimst 
gamma globulin, is easily produced in rabbits, and the two antigens can bo 
easily identified by the characteristic curvatures of the precipitin lines.® 

Let us assume tliat the autoprecipitins against thyroglobulin are gamma 
globulins of cither the 7S or 19S variet 3 ' (or botli). Consequentlj’^, we would 
have a system in which these proteins would react with a rabbit antigamma 
globulin serum as well as with a liuman thyroglobulin. Let us therefore design 
the following experiment: in one reservoir of an Ouchterlonj' plate we place 
tlie rabbit antigamma globulin serum, and in the other two reservoirs we place 
thyroglobulin and Hashimoto s serum, respectively. The patterns of the pre¬ 
cipitin lines, depending on wliether the 7S or 19S globulin is the autoprecipitin, 
arc illustrated in Diagram 1, a and b. In both instances it is assumed tliat only 
a fraction of cither the 7S or 19S globulin is capable of reacting with thju-o- 
globulin. If the autopreeipitiii is a 7S globulin, the line formed by it and the 
thyroglobulin will cross the line formed bj^ the 19S globulin and continue until 
it reaches the line formed by 7S globulin and the antigamma globulin serum. 
Since both the thyroglobulin and the antiganmia globulin react with the same 
molecular species, 7S globulin, the two lines will coalesce. If all 7S globulins 
were autithyroglobulin, the lines would coalesce completely ■ however, since most 
of the 7.S globulin is inert toward tliyroglobulin, it will react with antigamma 
globulin scrum only and a si)ur will be formed at the site of fusion for similar 
reasons as described previously,® i.e., the inert 7S globulin will diffuse through 
the precipitate formed by the reactive 7S and the thyi’oglobulin; once beymnd 
that precipitate the inert 7S will be precipitated by the anti-7S of the rabbit 
:uiti.smuu (Diagram 1, a). However, if the antithyroid activity resided in the 
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IDS ^lolnilins, llicii the line foimed by llashimolo’is bcium and liie tiijioglobnlin 
nould b(* deflceted by tlie line ioimcd between IDS and tlie labbit antisenam 
(Ibagram 1, h) 




ANTI-T-GLOBULIN Iq 


nia^i (III 1—riit tlicotctidi] prttlpltiii imtUrnj* lo b< txiHCtuI ulth H (■♦laiiioto s nci i 
j.oiitaliiln>,' cither (a) <S or (b) IDS i>n cipllinx anU rcicline with tii> rohlobiilln anil mtl 
bolka (ifcdnxl 7S ami IDS ),>ol>ullna 


in SUMS \M> PISOUsi,io\b 

All iho seia studied dilTcicd in then' immunologic inojicHies touaid tlijio- 
^dolnibn (Ki},^ 1) Sciiim I was extiemely potent and still pioduccd one stionj? 
pieeipitin line .it a dilution of 1 V2 Seium II (Cup D) pioduccd two lines 
Tli.it this was not an aitifact is appaitnt fiom tlie followin''' evidence (1) The 
two lines weie pioduccd in the itj^ion of equiv^duice, i e, in the ic^non m vvliicli 
the pucipit.ito lom.iins stationaiy The pioduction of multiple /ones of pie- 
iipitalo with liomogcnous systems occuis only in tlic legions of antigen or .anti¬ 
body excess'” (‘i) Seuim IH (Cup 0) pioduccd one line onlv whicli eo.ilescfd 
with the line closest to tlie thyioglobuhn icseivoii (Fig 1) The .uitigens 
usponsilile for the two lines foimtd with scnim IF seem to be .intigenicallv 
lel.iled liee.iiise botli coalesced with tlic single line foimod by semm I (Cup II), 
the lesultmg ji.itlcin is identical to the one picviousl^ dcseiibcd ioi m.icio- 
globiilins by Kouigold and Van Lceiiwcn,” (Diagi.im 1) and can jiiobabl} be 
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Fiij 1—Center = Th> roglobulin (7 5 mgr/nil ) A = Serum IV B =: Serum I (1 b) 
C = Seium III D = Serum II 

Fig^ 2—Center = Th>rofflobuhn (5 ine/nil ) A = Serum II B = Vnti--)-globulin 

isCium C and D = Emptj C =i A.nti-^-globulm &erum F = Serum I (16) 

Fig 3—Centex = Thyroglobulm (5 mg/ml) V = Serum II B = Vnti-v-globulin 

^^erum adi>orbed with 7S gamma-2 globulin C and D = Bmptj B = \.nti- 7 -gIobulin serum 

absorbed with 7S gamma-2 globulin F = Scium I (14) 

Fig 4 — V = Thj roglobulin (5 mg/ml ) B = Serum III C = 4 nti- 7 -globulin seium 
absorbed with 7S gamma-2 globulin B = Serum IV 

Fig 5 —Center =: Thj roglobulin (5 mg/ml) A = Serum I top compartment of 
partition cell (13). B =: anti 7 -globulin serum C and D = Empty E = Anti- 7 -globulin 
serum F = Serum I, bottom compartment of partition cell (1 3) 

Fig 6 —Centei = Th>roglobulin (5 mg/ml ) A = Serum IV, bottom compartment 

of partition cell (12) B = Anti- 7 -globulin seium absorbed with 7S gamma-2 globulin 
C and D = Empty B = antv- 7 -globulin serum F = Serum IV top compaitment of partition 
cell (This plate was treated with Congo red m ordei to shaipen the contrast between the 
precipitin lines and the background ) 
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mteipicted m the i>ame m.iniiei le, tlnioglobuliu contains two antigenicalh 
lelated but not identical components, seiuin I contains antiliodj against anti 
genic gioupmgs the\ both ha\e in common, sciuin II contains antibodv against 
both common and spccihc groups, \iheieas seium III contains antlbod^ specific 
foi one ot the components onh That scia tiom difteunt patients ma\ gne* 
rise to Lithei one oi two lines has been lepoited b\ otheis,'’ and tlie pattern 
produced b\ scmin II is identical to tliat published !)> Doniach and associates 
in their classic paper Seium IV (Pig 1 Cup A) also produced one line 
that coalesced uitli the lines pioduccd b\ the othei seia The 4 seia also 
diffeied in then potenc\ in that seium I, e\en at a dilution of 1 6, pioduced a 
lino that i\as \isible i\ithni 24 houis The linos pioduccd bv seia II and III 
took 2 to 3 dajs to appear and the scia lost all icacti\it\ if diluted moic than 
1 4, ^vheieas seium IV could not be diluted moie than twofold 

Piessman and cowoikeis used the late appearances ot the piccipitin line, 
as compaied with an egg allnimin-iabbit anti EA s\stcm, as additional e\idcnce 
that the piecipitin of then Hashimoto s seium was a macioglobuliii Howc^ei, 
It should be noted tliat the tunc at which the line appeal's depends on &c\eial 
taetors the stiength of tlio antiseium, the diftvision coefficients of both aiiti 
body and antigen, and the conccutiatiou ot the lattci Since tluioglobului is 
a laige molecule with a small difi’usion coefficient tlie line would appeal latei 
with a 7S aiitiboch tlian would the line loinicd witli egg albumin, which is a 
small molecule with a higli diffusion coefficient, cien if both leactioiis iniohcd 
equal amounts ot alltll)od^ 

The cui'iatuie of the lines obtained with seia I, II, and III was towaid 
the antigen (thjioglobulm) icseivoii, which suggests that the antigen diftuses 
moie slowly than the antibodj * If wc could be sine winch of the 3 components 
with different sedimentation constants weie the leactne antigens of tliMo 
globulin, an estimate of tlie antihodi s molcculai weight could be made For 
evimplc, if the 19S tlnioglobulm wcic the leactuc antigen, then the antlbod^ 
was prohabh the 7S globulin Howcici, if the component gicatei than 19S 
wcie the piccipitin, the antibocU could he eithei 7S or 19S (As will be sliowni 
later, the component wnth a sedimentation constant less than 19S is gamma 
globulin ) 

The piecipitiii line foimed by scium IV and tliMoglobulin ciuied awai 
flora, the antigen lesciNoii (Figs 1 and 4), suggesting that the antibodi diffused 
more slowly than did the tliMoglobuliii * The diffusion coefficients of gamma 1 
macioglobuliii and thjioglobulm are appioMiuateh IS and 2 6, lespectneh,* 
which agiees with the obsciied ciuxatuic of the precipitin lines The diffei- 
ences in cuiiatnic of the lines pioduccd b^ seia from patients with Ilashi 
moto’s struma is illustrated in Pigs 1 and 4 In this stud>, wlieie the plnsical 
chaiactciistics of the antigen arc Known, it is possible to obtain mfoimation 
about the natuie of the antibodies fiom the ciuiature ot the piccipitin lines 
However, foi othei less well defined sjsteins it will be essential to employ the 
method described above The icsults with this immunologic method stionglv 
indicate that the autopiecipitms ot scia I, II, and HI are 7S gamma globulins 
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For example, from Figs. 2 and 3 it can be seen that the lines formed by thyro- 
globnlin and Hashimoto’s sera I, II, and HI intersect the line formed by the 
19S gamma globulin of Hashimoto’s serum with antigamma globulin. Tliis lack 
of interference between the two lines is even more apparent in Fig. 3 Avhere the 
antigamma globulin serum Avas adsorbed Avith 7S gamma globulin. The pattern 
of the lines in Figs. 2, 3, and 5 resembles that of Diagram 1, a, and conse¬ 
quently one may conclude that the thyroglobulin reacts Avith 7S anloprecipitin 
rather tlian Avith 19S globiLlin. The use of undiliLted Hashimoto’s sera (Fig. 
2, Cup A; Fig. 6, Cup F) re.sulted in A'ery broad zones of precipitate OA\dng to 
the high concentration of 7S gamma globulin, this being in extreme antigen 
excess relative to the antigamma globulin serum. Such zones have been de¬ 
scribed by othei’s.^^ 

The fact that the unadsorbed antigamma glol)ulin serum also reacts Avith 
a component of the thyroglobulin preparation (Figs. 2 and 5) and that the 
resulting lino coalesces Avith the line formed by tlie 7S gamma globulin of 
Hashimoto’s serum indicates that the thyroglobulin is still contaminated Avith 
some gamma globulin as Avas pointed out above. It has been found by others’’ 
that molecules imimuiologically indistinguishable from 7S gamma globulin can 
bo found in the alpha-2 globulin fraction; hoAvcver, it is of some interest that 
Ave have been unable to detect this component in alpha-2 globulin isolated from 
serum bj' zone electrophoresis on starch, even in concentrations of 10 mg. per 
milliliter. From Fig. 4 it can be seen that the line formed by Hashimoto’s 
serum IV (Cup D) and thyroglobulin (Cup A) neA'er crossed the line formed 
by the 19S globulin and antigamma globulin serum (Cup C). Since the pattern 
is the same as pictured in Diagram 1, b, it may be concluded that the autoanti¬ 
body of serum W is a 19S gamma globulin similar to the one described by 
Pressman and co-Avorkers.- The same plate (Fig. 4) contains for comparison 
the pattern obtained AAuth a 7S autoprecipitin of senAm III (Cup B). It can be 
seen that the tAA'o lines intersect and that the curvature of the line formed by 
7S precipitin and thyroglobulin is quite different from that of the 19S precipitin 
of serum IV (Cup D) and thyroglobulin. In a recent paper, AA'hich appeared 
AA-hilo this manuscript Avas in preparation, Koitt and associates,’^ concluded from 
the curvature of the precipitin line obtained Avith Hashimoto’s serum and 
thyroglobulin that the antigen AA^as a large, sloAvly diffusing molecule. This, of 
course, is based on the assumption that the antibody Avas a 7S globulin. 

For further confirmation of our data, Hashimoto’s sera Avere sub.iected to 
ultracentrifugal fractionation in a partition cell, and both the top and bottom 
compartments AA’cre tested for the presence of autopreeipitins and 19S gamma 
globulins. Hashimoto’s serum I fractions AA'ere diluted 1:3. It should be 
pointed out that the bottom fraction Avill ahvays contain the active component 
at a higher concentration than that of the original serum since the bottom 
compartment Avas filled Avith the original serum. From Fig. 5 it can be seen 
that the contents of the top compartment (Cup A) produce a very strong line 
Avith thyroglobulin (center), although only a faint line, AA’hich could not be 
photographed, ^Yas fonned betAveen anti-19S globulin and traces of 19S globulin 
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^\hlch ■\\eic still piesciit in the top fiactioii of seiuiu I It should be lealized 
that the immunologic test foi 19S is \ciy sensitive, this paiticulai antiseium 
can detect it even when oulj 5 pei cent of the oiigmal macioglobidin of the 
seium IS piesent 

Tho icsults obtained with scium II vvcic similai to those dcsciibed foi 
SCI um I 

The ultiacentiifugal lesults obtained with seium IV weie in agieement 
with the immunologie data, ic, haidh anj activitv was found in the undiluted 
contents of the top compaitment of the paitition cell (Fig 6, Cup F) wheieas 
the contents of the bottom compaitment (Cup A) icactcd at a dilution of 1 2 

Theiefoie, fiom the immunologic and ultiacentiifugal dita picsented, it 
appeals that the autopiecipitnis of Ilaslnmoto’s seia ma} be eitlier 7S oi 19S 
gamma globulins Ilashimoto’s scia I, II, and III contained the 7S antibodv, 
wheieas scium IV contained the 19S piceipitin Tlic examinatioii of manv 
moie seia will ultimateh’’ decide whcthei the 7S oi 19S globulin !*> the moie 
common foim of tins autopiecipitm 

SUMMARY 

A new method ioi tlie dotennination of the molcculai weight of auto 
piecipitins IS picscntcd Tins method depends on the antigenic specificity of 
the 7S and 19S gnnma globulins commonl> found in noimal sen, and then 
Cdsv idcntiheatioii with piopci antiscia in the Ouchteilony double gd diffusion 
teclinique 

The examination of Hashimoto's scia containing autopiccipitjns against 
human thjioglobuhn b\ this method has shown that they aie either 7S oi 19S 
globulins, these dati wcie coiifiimcd bv ultiacentiifugal fiaetionation of 3 of 
these seia 

Human thyioglobuliu is shown to contain two antigenicallj iclated com 
ponents, a thud component is aiitigcmcall> identical witli gamma globulin and 
IS piolnhlj a contaminant 

Wo uish to thank Drs B Ruebner and R Benua for sera III and IV Ve are also 
\trj much indebted to Dr Mirj L Petcrnianii for her advice and tlic use of t!ie in'll)tic 
ultnccutnfugo as mcU as to Mrs Mary 0 Hamiltou for fractionating 3 of tin) sera iii the 
partition cell The able technical assistance of Mr Rudolph Smith is acknowledged 
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VIT.VIIIK B,. ABSOKPTION KELATIOXSIIII^ BETWEEN OKAL 
ADWIMSTRATION AND URINAKY EXCRETION OP COBALT™ 
LABELED CYANOCOBALAJIIN FOLLOWING A PARENTERAL DOSE 
Stl»\ 0 )t Do'Cb ot i 10 2oO Jig IN I4S Api'Ikinioi IIfuahi JLn 20 lo 92 

Ye\rs> Old 

Geokia W OiiEMi, IID,* Domed JI Wvtkin, MU,* \nd 
Eicon F Chow, PhD** 

Biltimoue, SId 

A BSORPTION ot oi.ilh ailimmstcioil i.uUoactnc tolwU labeled \itaimii B,. 

(cianoeobalamm oi deinalwc) has been estimated in noimal human sub 
leets bj difteiencc in tlie amount ot ladioaetuiU administeied and that iccot 
eied m the leces ' Absoiiition has also been eon elated with lujiatic accniinila 
tion'’ and iilasiua hnels " tollowing oial admmistiation ot labeled titaiiun B,., 
and with tadioaeti\it\ apiieaiiug in the luinc attei oial admimstiation ot the 
labeled \itamin lollowcd b\ a laige iiaiciitcial dose ot unlabelcd mateiial" 
Comlatvons lietwecn tuinais eNcietion of absoibed sttamin B,, and plasma 
lt\els“ and between lesnlts liom feea! and luinaii e\eietion tests'” hate been 
demonstiated The leliabilitt of the uiniait e\cietion tetlinnine foi distin 
guishing between noimal and iiiaiKedh niiimied absoiption of \itanim B,- 
toi siuallei oial doses (tiom 0 1 to 2 jig, usualh about 0 5 jig), has been eon 
himed in mau\ laboiatones," * although abnoimalh low ONCietions of 

ladioaetue \itamm B,- lute been noted in teimnial oaidioienal disease and 
Ill seteie leiial disease ’ 

The piescnt studt was designed, piiinaiih to eialiiate, in healtlit subjects, 
the efteet on uiinaij lecoteij following a paienteial dose, of \aijiiig tlie oial 
dose of Mtaiiiin B,. otei a wide laiige, e\tendjng fioin phtsiologio oi iieai 
plijsiologic Ictels to seteial bundled times these letels A second eoiisideiatioii 
has been esploiatioii foi possible ago diffeicnees m absoiption foi such doses 
The dose letels we hate selected toi studs (2 to 250 /ig) aie highei than those 
at which an intiiiisic factoi deficicuct, if CNistent, would seem most lilvcly to 
bo detected, since smallei oseilap between results foi noimal subjects and perm 
eioiis anemia patients h.is been obscited when the oial dose was less than 1 /ig 
than when a laigci dose was used * Thus, for the higher doses of the pres¬ 
ent studs at least, CNploiation foi age diffciences constitutes stndj of ageirise 
lariatiou in effieiencj of absoiption sia meehamsms lelatnelj independent of 
the ainoimt of uitimsio faetoi asailablc While furnishing infoimation on a 

From the Gerontolos'3 Bmnch of tliC \ Uional Institutes of Health at Baltimore Citi 
Hospital*! Baltimore "'W anil the School of Hj^enc ami Public Health Johns Hopkins I ni 
xerisitj Baltimore Mil 

Receued for publication Aug 23 19a7 

•Gerontologj Branch Baltimore Cit> Hospitals Baltimore ifd 
••School of Hygiene and Public Health Johns Hopkins Uni\ersit> 

525 



Tablk I. Eenal Function Studies for Fourteen Elderly Subjects in Present Study (Vaiaies From Literature for Agewise 

Comparison ) 
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'Reported values are rounded off in some Ciises. 
■Indicates PAH (para-aminohippurate). 
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wide range ot doses lor uhicli data, aie meager, our lesults aie also ot inteiest 
because tlicy icpiesent a large gioup of healthy subjects studied under condi¬ 
tions 111 ^\hlch complete uiine collections ^\c^c facilitated by continuous obsei\a- 
tion of the subjects during the pci lod of the collections. 

MVlUtlVLS \ND SIUTUODS 

Subjects uere 148 iiicii selected from the Gerontology Wjril ami Chronic Division of 
the Baltimore City Hospitals (aS to 92 >ears old) and rrom a penal institution in the 
same geographical area (JO to 39 jeara old). Subjects from tho Gerontologj Ward and 
Chrome Division had been there for several jears, primarily for indications which were 
sociotconomie and as'»ociated with advanced ago rather than illness. Subjects were se 
lected, after re\ievv of all available chme.*!! information, is those who viere in good general 
health. All were ambulator), free of acute or debilitating chrome illness, were in ap 
p irentlv good nutritional status, and believed to be free of hematologic or gastroiutestmal 
disorder. In no subject was there reason lor suspicion of diabetes mellitiis Except for 
the requirement of urinar) continence and the general criteria noted above, there was 
neither an attenijit to select Mibjects with respect to renal function, nor any clinical in 
dicition for suspicion of abnorm il function. Status of renal function has been evaluated 
in 14 of the older subjects as a part of other investigations of tho Gerontolog) Branch 
on renal function in health) middle aged and elderly men Renal function measurements 
tor these subjects* aro given in Table I and are ^cen to be fairlj t>pical for their age 
groups wlieu compared with tlie group of health) subjects studied b) Davies and Shock lo 
There was no reason to believe, after review of all available information, that any of tho 
subjects had been administered a souice of vitamin B,, except as contained in tbo inati 
tutional diets-" during the preceding )ear 

Each subject was given orall) (iii aqueous solution followed by 2 riii’scs) 2, S, 50, or 
250 /ig ot Co*'’labeled vitamin B,.l (about 2 hours after breakfast and 2 liours before 
lunch) followed 2 hours after tlio ingestion of the radioactive vitamm b) the intramus 
cular injection of 1,000 pg of noniadioactivc vitamin Following tho ingestion of the 

labeled material, urine was collected for either (1) 0 to 12, 12 to 24, and 24 to 48 hours, 
or (2) 0 to 24 hours onl). When collections at 0 to IJ and 12 to 24 hours were made, 
results were added to obtain a value for 0 to 24 hour excretion of radioactive vitamin 
To facilitate complete unno collection, all sub]ects were under continuous observation 
during tJie collection periods The proceduic Used for measurement of tho radioactivity 
excreted into the urine was as previously reported-ii except that the aliquot used for 
mcasureinent in the present studies was, half of that collected That the excreted radio 
activity represents “tagged” vitamin B,j has been indicntod by chroiiuitograpliic and 
othei analytic studies,ca and by dilTcrouces iii storage of radioactivity after CoC'Cl, and 
Coi’i vitamin Bja adiiunistratioii 23 


RKSULTS 


Tiic icsiUts, suiiiniaii7ed m Fig 1, show the effect on the pei cent of 
oi.illy administeied ladioactive Mtamin B ,2 recovered in the mine, of vaiying 
(1) the oial dose of Co*’’’Biz in amounts of 2, 8, 50, and 250 /xg (Fig A, B, 
C, and D, lespeetuely) and (2) the mine collection inteivals (12, 24, and 
48 hours) foi each of the age gioups and the total gioup. 


*VVc are indebted to Drs Nathan VV Shock and David Oursler, of the 
Branch, for niakinff available to us the renal function da*a on subjects included in 
stud> 


Gerontology 
the present 


ff’or supplies of railioactlvo and nonradioacUve vitamin Bu we are indebted to Dr 
Cn irles Rosenbluni and Merck ^ Company Inc The present studies were authorized b\ the 
Vtoinic Dnerg> Commission CAiithoriz.ition Nos 34126 mil 22808). and we gratefullv ac- 
AT^(30^ 1)*^ 1203 suppoit given in a grant-m-aid from the AEC under contract No. 
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Variations With Age .—The data given in Fig. 1 showed no systematic age 
difference, for any of the doses or collection periods, in tlie fraction of dose 
of cobalf'^-vitamin excreted in the urine under the experimental conditions 
of the present study. Further statistical evaluation, in particular for the 
24-hour collections when the group aged 20 to 39 years was compared with the 
group aged 55 to 92 years, revealed no significant age difference: 2 /ig, P > 
0.2; 8 /xg, P > 0.1; 50 /xg, P > 0.05; 250 fig, P > 0.7. Even when (for 
24-hour collections) the group 20 to 39 years old was compared with that 75 
years old and older, no consistent age trend was found; 2 /xg, P > 0.1; 8 fig, 
P > 0.01; 50 fig, P > 0.6; 250 fig, P > 0.2. 




INTERVAL AFTER ORAL ADMINISTRATION 


Fig. 1—Effect, on the per cent of oially admmisteied radioactue Mtamin Bi_ recoxeied 
in the mine, of \arjing the oral dose for doses of 2, 8, 50, and 250 /ig (A, B, C, and D, 
respectively), and the mine collection interval (12, 24, and 48 hours) foi each of the age sub- 
gioups and the combined group of healthy men Key to svmbols ° = mean Co'®-vitamin 
Bis recovery for subjects of ages 20 to 29 >eais, O = mean Co"-vitamin Bis lecoveiy for 
subjects of ages 30 to 39 years, i = mean Co“>-vitamin Bis recoxeiy for subjects of ages 55 
to 74 jears ■ = mean Co®-vitamm Bis recovery for subjects of ages 75 tor 92 years, • = 
mean Co^-vitamin Bis recovery for subjects of all ages combined Vertical lines define limits 
of the standard erior of the mean. At the top of each diagram is given the number of sub¬ 
jects m each age subgroup (N) and the average age foi the subjects m the subgroup (A) 


Variations With Collection Interval .—For all of the oral dose.s considered, 
the amount of vitamin recovered in the 12- to 24-hour urine collection was 
greater than for the 0- to 12-hour colleetion. Except for the 2 /xg dose, the 
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amount ot \itamiii Bjs appealing m the Lolleetion at 24 to 48 horns uas one 
httli to one halt as much as tliat lecovcietl in the fust 24 hoius aftei oial ad 
mmistiation Foi tlie 2 /ig dose, onl> small amounts ot Mtamiii ucie le- 
coMied in the 24 to 48 houi mine collection 

With Oud Do^e —It is appaiciit fiom Fig 1 that uith an in 
cieasiiig amount ot Mtamin Bj_ administcied otalh, thcie Mas a iiiaiked de 
Cl ease in the fmcHon ieco\eied m the mine, uiidei, ol couise, the conditions of 
this stud\ As the oial dose Mas incieasul, hoMC\oi, the caUiiIated anionnf of 
Mtamiii Bi-. ieco\eicd in tlic mine dcfmitch ineicased, as shown lij tlie moan 
^alius and staiidaid dc\iations in Table II 

DISCUSSION 

A Eficct of Viucntcial Dose and I'tssue Retention on Results- —The mi 
naij excictioii of oially administeicd Mtaimii in the picsent &tud^ icpie 
sents onlj a mimmuni \alue toi the ainounl absoibed Tlie obsei\td difteienee 
lietween the amount api)aientl\ absoibed and that cxcicted in the uimc^ is 
due, to some e\tent, to the paienteial dose, since this has been obsei\cd to de 
ciease the piopoition ot an oial dose absoibed fiom the gnstiointestinal 
tiact ^ =* The effect ot the paienteial dose, liowcsci, would seem to be small 
coiiipaied to that due to tissue letention, a higc piopoition of the absoibed 
matciial is letamed in the li\ci ** Fiom these consideiatioiis and the lesults 
of the picsent stud^, it would appeal that the a\eiage amount of Mtaniin Bio 
absoibed fiom a single 250 /xg dose piobabh gieath exceeds 17 /ig, since tlie 
lattci was the ateiagc amount of labeled \itamin Bjo icco^cied in the uiine 
within 48 houis aftci the admimstiation of 250 ^g of labeled matciial 

B Relation of Amount and Time of Vitannn Bis Ahsoiption to Oi al Dose — 
The chaiactei of the iclationship obtained in the picsent stiuh, between oial 
dose and the amount of Mtamin Bu cxcicted in tlie mine, seems to be in le 
maikably good agitcment with that indicated b\ the icsults of Glass and asso 
datesThese woikcis, using the licpatic uptake technupic and oial dose lange 
of 0 5 to 50 /ig, noted niciease m amount and deciease in fiaction taken up 
b\ the li\er in subjects guen laigei oial doses compaied to subjects guen 
smallei doses of labeled Mtamin B ,2 AVhile in agieemont witii this woik, our 
findings diffei fioni the conclusions of Callcndci and E\ans' and bwcnseid and 
CO woikcis,” who used the fecal excictioii technique and found optimal absoip 
tioii at doses not exceeding about 2 and 5 /xg, icspcctuelj It seems conccuable 
that the “plateau’ in absoiptioii obsei\ed b\ the l.attei 2 gioups was due to 
inteifeieiice associated with successive tests in the same subjects 

The distiibutioiis of ladioaetuitj between the sc\Gial mine collections, in 
the piesent study, aic consistent with the mow that vitamin Bi. absoiption 
pioceeds giadually, and appioaches maximal le\els soonei foi smallei oial 
doses 

The lelationship of the fiaetion and amount of vitamin Bia recoecied in 
the mine to tlie oial dose of the vitamin aic consistent witli the Mews that 
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thcie aie at leabt 2 mechanisms of absoiptioii of Mtamm B12 fioni the gastio 
intestinal tiact* in noimal people, that these mechanisms act concuiiciitl>, and 
that at diffeient oial dose Mels the 2 intchanisms aie ot iclatuely diffeieut 
impoztance Thus, at Ion (plnsioJogic) dose ieieJs, the aiailable intiiiisic factoi 
IS ot lelatnel^ gieat impoitance m influencing the amount absoihed, nhile at 
the highei dose Mels intinisic factor is of decieased lelatne impoitance and 
tlic amount absoibcd stems to be inoie diiectlj lelated to the amount admin 
isteied, 1 e a “mass ’ effect Although it has not jet been eleailr demonstiated 
to mediate iitamni 13,, absoiptioii, diffusion uouJd seem to be the simplest 
mechanism consistent nith cMstmg obsei\atioiLs of absoiption appaiently be 
\ond tliat mediated intiinsic factoi, insotai as these data ha\e been analyzed 
It nould seem leasonalile to suppose that absoiption bj tliLs meclianism nould 
be negligible 01, at least, inadeiiuato to meet nutiitional lefiuiiements, at M\ 
(physiologic) dose Jeiels At usual dietan Mels then, adequate amounts of 
the Mtamm would be expected to tia\eise the intestinal mucosa only if adequate 
amounts of intrinsic factoi ueic aiailable The maniiei bs wliieli this tra 
\eisal comes about (at low and high onl dose lexels), while the subject of con 
ceptually appealing speculations “ with which om lesiiUs aic not inconsistent, 
will rennm speeulatne until mam nioie data haic become available and adc 
quately intei preted 

C Age Differences — 

1 Effect on results of age diffeienccs m lenol function In consideiation 
of tile possible effect of leuai function on the lesiilts, it should be noted that 
subjects included m tlic piesent study piobablv have renal function lather 
typical foi healthv subjects m then icspectivc age gioups {see Intioduction 
and Table I) Even foi iicalthv men, howcvci, theie is legiessioii of lenal func 
tion on age In tlie absence of such influence m oui oldei subjects howevci, 
the values for excretion of vitamin might have been highei Imt not lowei 
than those we obseived Had it happened that significantly less ladioaetive 
vitamin 6,2 had been excietcd by the oldci, as compaicd to the vounger, sub 
jects, then tlie difference miglit possibh liave been explained on the basis of 
lowei lenal function in the oldei subjects Sucli did not occui, liowcvei, and 
the fact tliat the urine collections foi the oldei men contained as much radio 
activitv as did those foi the voung subjects cannot be explained on tlie basis 
of age differeiices in lenal function 

Pailuie to obseive decreased excietion ot Co ^ vitamm B,, in the oldei sub 
jeets we have studied was not likely to have been due to decreased tissue leten 
tion of absoibed vitamm Biz, m the old as eompaied to the young men, in view 
of the following considerations (1) amounts of ladioactive vitamm B,, le 
tamed b\ the livei after oral administiatioii were found by Glass and co 
woikers*' to be not significantly difteieiit in old and young men, (2) the large 
parenteral dose of vitamin Bu given to all subjects, would be expected to 

•Since tins paper was submittel there has appeared a paper by Doscherholnien and 
H igen winch supports the existence of a dual inechanlsni m the absorption of \Jtamm Bs 
(Doscherholmen W and Ha^en PS A Dual Xlechanism of Vitamin Plasma Absorption 
J dm Invest 36 1551 lo57 1957 ) 
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T he (listnbutioii and coiiccntiatioii of \ iiious plasma piotcm constituents 
aie alteied in manj disoideis of the hematopoietic and leticuloendothelial 
s>stems Sueh elnnges have been dcmonsti itcd bj elLctiophoietic “ and slio 
logic techiuquts'’^ in patients with hmplioma, ItukeniKi, and multiple mveloma 
llie puipose of tins papci is to study the seium pioteiii changes in pa 
tients with mTligiiaiit henntopoictic disoideis bj the use of elcctiophoictic 
and seiologic techniques ind to ielite these v untions to the tjpc of diseise, 
the clinical st itus of the patients, and the eftect of theiapcutic agents cm 
plojed in the tieatmuit of tliese disoideis 


Mvruuvib WDMUJIODs 


iho subjects of this studj wert 90 p iticnts admitted to the hematology clinic or 
wards of tlio First and iluid 'Vtodjcal ScrMcts (Tufts), Boston City Hospital, between 
September, 19o7, and Febrinry, 19oS, in whom the diagnosis of malignant lymphoma, 
leukemia, rnyeloprohfci iti\c di'^oidcr, or muUiplo myeloma was confirmed by peripheral 
blood studies and bone imnow aspnstioii and/or tissue biopsies Healthy adults, both 
men and women, 20 to -15 years of age, served is controls 

Serum protein filter paper electrophoresis was performed according to a modification 
of the methods of Williams and is^oci itcs s and Jeucks and co workers, ^ using a Spinco 
Model E duostat or Hcathl it duostat as the power source, a Spinco Model E paper elec 
trophoresis cell, Spinco filter papier wicks and stiips, and barbital buffer, pH S 6, ionic 
strength 0 075, and 0 1 AI Llectrophoresis of the stia was performed at 250 volts over 
a G hour period The strips were dried in an oven at ■45'’ C, stained with bromphenol 
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give a liiglier degree of tissue saturation with the vitamin (before the radio- 
aetive vitamin entered the plasma) than would otherwise have been the case; 
(3) retention of parenterally administered doses of 20 to 75 fig of vitamin B 12 
is probably even greater in old men than in young men.-® 

2. Comparison of our results with those of other studies related to absorp¬ 
tion of vitamin B ,3 and agincj: Chow and associates"^ measured the urinary ex¬ 
cretion of radioactive vitamin B 12 following oral administration of 2 fig of 
labeled material and a large parenteral dose; in 40 healthy subjects 19 to 85 
years old, no significant age difference was observed. Using the hepatic uptake 
method and a test dose of 0.5 fig of vitamin B 12 , Glass and co-workers'’ forxud 
no significant age difference in radioactive vitamin B 12 uptake by the liver in 
60 subjects aged 18 to 90 years who were normal or had some irrelevant dis¬ 
order. In other reports, the number of “healthy” or “control” subjects has been 
inadequate for statistical treatment of the data for agewise study (8 “controls” 
in Schilling’s-" paper, for e.xample) or adequate information on ages of sub¬ 
jects has been omitted.’" 

3. Relation of the present study to evidence for age differences in serum 
vitamin Bn levels: Recent studies in liealthy human subjects in our labora¬ 
tories"'’ and elsewhere’"' ” have indicated that tliere is a decrease in serum con- 
centi'ation of vitamin Bxj microbiologic activity with advancing age. The results 
of the present study for doses of 2 to 250 fig, otlier .studies"’ for tlie 2 fig dose, 
and studies of hepatic uptake for the 0.5 fig dose" do not support the contention 
that age differences in serum levels of vitamin Bij are due to impairment of 
absorption of the vitamin. It is possible, altiiough not yet clearly demonstrated, 
that the lower levels of serum vitamin B 12 observed in the aged subjects may 
have been a.ssociated with decreased ingestion of vitamin B 12 due to dietary 
selection Iw the subjects themselves,"" in the ab.scnce of any significant impair¬ 
ment in vitamin Bja absoi'ption. It should be emphasized, however, that tests 
using oral doses of 2 fig and larger, such as in the present study, arc not 
representative of absorption for the smaller doses in which the best separations 
have been found between patients with intrinsic factor deficiency and normal 
subjects.'• ”• Smaller doses, moreover, would seem to closcl.v approach levels 
more frequently found in the diet (and are, in this sense, physiologic do.ses). 
The data do suggest, however, that amounts of vitamin B 12 absorbed from oral 
doses in the 2 to 250 fig range are not significantly Ic.ss in old men than in 
young men. 

SUVIMABY 

1. Labeled material api^earing in the urine in 12, 24, and 48 hours after 
oral administration of 2, 8, 50, or 250 fig of cobalt““-labeled vitamin B 12 (cjui- 
nocobalamin or derivative), followed after 2 hours by intramuscular injection 
of 1,000 fig of nonradioactive vitamin Bi 2 , has been e.stimated in 148 appai’- 
ently healthy men 20 to 92 years old. 

2. With increasing oral dose, for the range considered, there was observed 
marked decrease in fraction but considerable increase in amount of vitamin 
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Bi 2 appealing m the uiine Foi all dobes, the amount ot vitamin Bia lecov 
Lied in the 12 to 24 horn uune eollLLlion wab giealti than foi the LoUcttion 
at 0 to 12 houib Except foi the 12 /ig dose, the amount of vitamin Bis ap 
peaiing in the 24 to 4S houi colkction was one fifth to one hilf as much as 
that lecovLitd in tin fiist 24 hums altci oial administiation j\[eaii iccovenes 
111 miciogiams of labeled vitamin iii the mine i standaid deviation of 
distiibution foi each of the oial doses and loi 0 to 12, 0 to 24, and 0 to 48 horns 
aftei oial adimnistiatioii, iLbpeLtivd\% wue (1) 2 ii<} 0 11 ± 0 06, 0 24 ± 0 Oh, 
0 24 ± 0 09, (2) S /Iff 013 ± 0 06, 0 37 ± 0 11, 0 46 ± 0 IG, (3) 50 /xff 0 25 
± 0 14, 0 55 ± 0 17, 0 84 ± 0 31 (4) 230 /iff 0 70 + 0 20, 1 35 ± 0 24, 1 66 ± 0 21 

3 The data aie consistent with the views tliat thcie aic at least two mech 
anisms of absoiption of vitamin Bi fiom the gastiointcstinal tiact, that these 
mechanisms act concuiieiitlv and have iclativcl> diiteicnt impoitancc at diffei 
cut dose levels, and tliat alisoiption pioccids gndinllj, appioaclung maximal 
levelssoonei foi smalUi dose levels 

4 Age diifcienccs in uimaij cxcietion oi oiallj admimsteied niatciial 
vveie not demonstiatcd foi any of the doses undci tlic expenmental conditions 
of the studj 'Ihe oial doses used, howevei, wcie Inghei than those foi which 
best sepal ation has been demonstiatcd betwetn noimal subjects and patients 
with intiinsic factoi deficiency The cxcieted mateiial piobably icpiesents 
that absoibed, to some extent foi the smallest dose and in huge propoition foi 
the laigei doses, bj a meehaiiisiu lehtivcly independent ot the amount ot 
intiinsic factoi availible The enicicnc> of such a mechanism, insofai as in 
dicatcd by the uiinai> exeietion test, was not imiiaiicd in the oldei, as com 
paicd to the youngei, subicets 

Wc WHli to express* our ^'ratitiule to uunj mdi\nluiK of tlie staffs, of tlio Geiontolog^ 
Brincli, Baltimore Citj lloapit ils an 1 tlic Dopirtmcut ot Bioelu, Toliiis Hopkins School 
of Hjgicne ami Public Health, for their ud m the pitMnt btiuh, imluliug tcehiucal assist 
ance and reading of the in inusenpt, to the Nursing Sf iff of the Biltimoro City Hospitals for 
observation of subjects duiing the penods of uime collections, ml to l)is Patricia Mclntjrc 
ind Julius Krevans for then interest m the work 
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A SEROLOGIC AND ELECTROPIIOUETIO STCDV OF THE MALIGXAXT 
AXD PROr.lFERATlVE DISORDERS OF THE IIEJLVTOPOIETIC AXD 
RETICULOEXDOTHELIAL SYSTEMS 

JVCOIJO I. TKITELBAUM, ;M.D.,* JObEl'H WiKNEK, M.D.,** AND 
Jane P. DEsroiiGES, M D 
RO'jTon, ^Ias^. 

T he distiibutioii and concentlatioii of vanons plasma protein constituents 
are altered in many disoideis of the hematopoietic and leticulocndothelial 
systems. Such changes have been demonstrated by elcetiophoretic-'* and sero¬ 
logic techniques-^ in patients with l}m])homa, leukemia, and multiple mjcloina. 

The purpose of this paper is to study tlie serum protein changes in pa¬ 
tients with malignant hematopoietic disorders by the use of electrophoretic 
and seiologic techniiiues and to i elate these variations to the type of disease, 
the clinical status of the patients, and the effect of theiapeutic agents em¬ 
ployed in the tieatinent of these disoidois 


UVIIUIVUS AND METHOD'S 


The subjects of this study were 99 patients admitlcd to the hematology clinic or 
Nvards of the First and Third Medical Scr\ices (Tufts), Boston City Hospital, betv^een 
September, 1957, and February, 1958, in uhom the di.ignosis of malignant Ijmphomo, 
leukemia, m}eloprolifuratiie disorder, ur multiple ni>c)onui iva'^ conilrmed by peripheral 
blood studies and bone ninrron aspiration and/or tissue biopsies Healthy adults, both 
men and iiomeii, 20 to 45 jears of age, '•er\cd as controls. 

Serum protein filter paper electrophoresis uas performed according to a modification 
of the methods of Williams and associ-itc'^s’* and Jciieks and co workers ,20 using a Spinco 
Model R duostat or Heathkit duostat as the power source, a Spinco Model R paper elec¬ 
trophoresis cell, Spinco filter pai>er wicKh and strips, and barbital buffer, pH 8.6, ionic 
strength 0.073, and 0.1 il. Electrophoresis of the '•era was performed at 2o0 volts over 
a G hour period. The strips were dried in an oven at 45* C, stained with bromphenol 
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Lonsistcd of cases of Hodgkins paiagianuloma, Hodgkins gianuloma, and 
Hodgkins saicoma Nine cases in lelapse leceucd \ai\ing foims of thtiap} 
duiiiig the couise of studj, including piedmsonc** (2 eases), nitiogen mustaid 
(2 cases), and \ iiiadiation and mtiogeii mustaid (5 eases) 

In the seia of patients in i elapse, the albumin le\els weie significantlj 
dicieased bolou iiounal, ^\hlle the alpha 1, alpha 2, and ))cta globulin fiac 
tions ^\ele signifieantlj ele\atod The seia fiom 11 patients in icniLssion 
exhibited tMO significant deMations an incieaso in alpha 1 globulin ^alues 
and a decieasc in gamma globulin le\els The albumin and total piotein 
U\(.ls of the seia fioin patients in ielapse weie sigmficantlj louti, and the 
gamma globulin IcmIs \vtie sigmfieantlj highei than the coiiesponding 
\allies 111 the seia fioni the patients m iemission 

The distiibution of isoagglutmm titeis for the patients Mith Hodgkin’s 
disease is shown in Fig 1, A Theie was no difiuence between the patunts 
and tontiols Theie was no can elation betwten gamma globulin eoneentia 
tion and isoagglutinui titcis 

Malignant Lymphoma —Tins gioup consisted ot 19 cases of hmphoe\toma, 
hmphoblastoiua, hmphosaicoma, amt icticuhim cell saicoma Nine patients 
wcie in leinission Ton patients weie in lelapse and leccntd theiapj duiing 
the peiiod of stud}, induding mtiogen mustaid (i cases), xiiiadiation (1 
ease), piednisone (2 eases), piodnisone and mtiogen mustaid (1 case), and 
Miiadiatiou and mtiogen mustaid (1 case) 

The aiciage alpha 2 and gamma globulin leiils of the seia fiom the pa 
tieiitb in lehpse weie significant!} less than the coucsponding noimal lalues 
The aieiage gamma globulin \allies of the seia iiom the patients in iemission 
was significant!} dccieased below noimal le^els Theie was no significant 
statistical diffcience betwieii the seium piotem distiibution and concentiation 
of the patients in i elapse and of those in i emission 

The distiibution of the isoagglutimn titeis m patients with malignant 
I}mphoina is shown in Fig 1, B The lowei titeis piedominatcd Theie was 
no con elation between isoagglutinui titeis and gamma globulin kiels 

One patient with seieie h}pogammaglobulinemia had consistent anti B 
titeis of 1 2 At this time, the patient had pneumonia which i>eisisted ioi G 
weeks Following this episode, the gamma globulin lose to a noimil le^el, 
although the titcis did not change 

One patient was exclueled fiom the statistical anal}sis This patient 
(R S ), a 60 }eai old white man with l}niphoc}toma, exhibited a homogeneous 
seiuiii component in the gamma legion (Fig 2) No titeis weie peifoimed 
in this ease 

Chiomc Lxjmphocytxc Lcxihcima —^TUe seia fiom 13 patients with chiouic 
l}mphoc}tic leukemia weie studied Foui patients weie in iemission Nine 

‘ilie ptelni-ione (Metlcorten) used in this stu l> was kindl> supplied bj the Schenne 
Corporation Blooinflel I A J ^ i ^ b 
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blue, washed in 0.5 x’er cent acetic acid (v/v) for 10 minutes, and fixed for 30 minutes 
in a solution of 0.5 per cent sodium acetate in 2 per cent acetic acid (w/v). The strips 
were dried in an oven at -15° C. once more, and scanned on Spinco Analytrol charts, 
utilizing a Spinco ilodel EB Analytrol to determine the percentage contribution of each 
protein fraction. Because of the nonlinear relationship between dye concentration and 
dye uptake,30 and the nonlinear relationship between dye concentration on paper and 
scanner response,3i a correction factor for the albumin had to be applied. This was 
determined by eluting the desired segments of the strips from the sera in 0.01 N sodium 
hydroxide as outlined by Crook and a.ssociates.si Under our conditions, this correction 
factor for the albumin was 1.5. 

Total protein was determined by the biuret mothodsc using a commercial standard 
protein solution* as a control. 

The blood groups of the normal controls and patients were determined by using 
both known cells and commercial anti.seia.t Isoagglutinin titers were determined by the 
.serial dilution of 0.1 ml. of serum with equal volumes of normal saline in serologic tubes. 
Fresh known group A and/or B cells, depending on the subject’s blood type, in the 
amount of 0 1 ml., were added to each tube, allowed to stand for one hour at room tem¬ 
perature, and centrifuged at 1,500 r.p.m. for 2 minutes. The tubes were then shaken 
gently, and checked for macroscopic agglutination. The greatest dilution in which ag¬ 
glutination of the red cells occurred was taken as the end point and reported as the titer. 
It became apparent early in the study that manj' titers were undetectable at the 1:2 level 
of dilution. An initial tube, consisting of undiluted serum, was used thereafter, and the 
other dilutions carried out as described. 


RESULTS 

In the interpretation of the data to lie presented, 3 points should be kept 
in mind. First, the coneentratiou of each serum protein fraction is expre.ssed 
in terms of per cent of the total protein rather than as grams per cent of 
plasma. Because results are expressed in this manner, any change in the con¬ 
centration of one fraction will lead to complementary changes in the percent¬ 
age concentration of the other fractions. .Second, the electrophoretic data 
shown in the various tables reiiresent uneorrected values for all constituents. 
This was done to avoid the inaccuracy involved in using a correction factor 
for abnormal globulins ivhose affinity for dye is unpredictable. Third, in the 
compilation of the isoagglutinin titers, the anti-A titers from patients and 
controls of groups 0 and B were considered as one group. Similarly, the 
aiiti-B titers from patients and controls of groups 0 and A were grouped 
together. Since there Avas no change in isoagglutinin titers with treatment in 
any of the diseases studied,, and there Avas no difference betAvecn the titers of 
the patients in remission and those of the patients in relapse, the titers of all 
patients in each disease Avere considered graphically as one group. 

In every disease state the observations on patients in relapse Avho Avere 
being treated and the observations on imtients in remission Avho Avere un¬ 
treated Avere compared Avith the controls and Avith each other. The signifi¬ 
cance of the comparisons Avas measured by the “t” test.^^ Significant results 
are specifically noted, and the direction of change is indicated. 


* Pro-Sol, obtained from Standard Scientiftc Corporation, Flushing, N. Y. 
fObtained from Dade Reagents, Incorporated, Miami, Fla. 
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consisted of cases of IlodgUius paidgianiiloma, Hodgkins giaimloma, and 
Hodgkin’s saiconia Nine cases in lelapse icceucd \aijing foiins of thciajiy 
dunng the couise of study, including piednisoiie* (2 cases), lutiogen mustard 
(2 cases), and Miiadiatioii and mtiogen nuistaid (5 cases) 

In the sera of patients in i elapse, the albumin le\els ueie significantly 
dceieased bclou noiinal, ^vhile the alpha-1, alpha 2, and beta globulin fiac 
tions MGie significantly eIe\atod The seia fioni 11 patients in leuiLssion 
exhibited tuo significant deMations an iiiciease in alpha 1 globulin i allies 
and a dccieaso m gamma globulin le\els The albumin and total piotein 
lc\cls of the seia fioin patients in lelapsc Mcie significantly louei, and the 
gamma globulin levels ueic significantly highei than the coiiesponding 
values 111 the seia fioni the patients in iemission 

The distiibiition of isoagglutinm titeis for the patients Mitli Hodgkin’s 
discMse IS shown in Fig 1, A Thcie was no diiTeience between the patients 
and contiols Theie was no coiielation between gamma globulin concentia 
tioii and isoagglutinm titeis 

Lymphoma —This gioup consisted of 19 cases of lymphoevtoma, 
hmphoblastoina, hmphosaicoma, and icticulum cell saicoma Nine patients 
wcie in lemibsion Ton jiatieiits wcu in lolapse and lecened theiapy dining 
the peiiod of study, including intiogcn mustaid (5 cases), \iiiadiation (1 
ease), inednisone (2 cases), jnedinsone and nitiogen mustaul (1 case), and 
Ninadiation and nitiogeu mustaid (1 case) 

The aveiage alpha 2 and gamma globulin levels of the seia fiom the pa 
tients in ielapse weie significantly less than the coiiesponding noimal values 
The aveiagc gamma globulin valius of the seia fiom the patients in iemission 
was significantly decieased below noimal levels Tlieio was no significant 
statistical ditfoieiiec between the seium piotcin distiilmtion and conceiitiation 
of the patients in i elapse and of those m i emission 

The distubution of the isoagglutinm titeis m patients with malignant 
Ivmphoiiia IS shown in Fig 1, B The lowei titeis piedommated Theie was 
no coil elation between isoagglutiiiin titeis and gamma glolmlin levels 

One patient with seveie hypogammaglobulinemia had consistent anti 13 
titeis of 1 2 At this time, the patient had piicumoina which peisisted foi G 
weeks Following this episode, the gamma globulin lose to a noimal level, 
although the titeis did not change 

One patient was excluded fiom the statistical analysis This patient 
(R S ), a 60 year old white man with lymphoeytoma, exhibited a homogeneous 
seiuni compouent in the gamma legion (Fig 2) No titeis weie peifoimed 
in this case 

Chiomc Lymphocytic LeuKeima —The seia fiom 13 patients with chionic 
lymphocytic leukemia weie studied Foiii patients wcic m iemission Nine 

•Die prednisone (Jletlcoiten) ii'secl Jn this slu Ij wis kmdlj supuliod bi the Schenne 
Corpoiatlon Bloomfield N J 
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patients were in relapse and received varying therapy including CB1348* 
(2 cases), x-ray (1 ease), prednisone (2 eases), and chlorambucil and nitro¬ 
gen mustard (1 case). 

In relapse, there were significantly inei-eased alpha-1 globulin levels and 
significantly decreased gamma globulin values, while in remission there was a 
significant decrease in the gamma globulin fraction alone. Comparison of 
the sera from the patients in relapse and those in remission revealed no sig¬ 
nificant differences between the two groups. 

Six patients had gamma globulin levels of less than 5 per cent. Five of 
these patients suffered severe respiratory infections during the course of the 
study. One of these patients had both pneumonia and pyelonephritis. In this 
latter case, the gamma globulin i-eturned to nonnal levels following the sub¬ 
sidence of the infection 

»{, ALB 

1 

• « 

1 
1 

Lig- J—Paper electrophoretic patterns of the seiuni proteins of 3 patients with bmpho- 
cytoma (R S ), chronic lymphatic kukemia (J A ), and polycythemia vcia (M T ), icspec- 
tnely, showing' an abnormal gamma component, which is frequently obser\Ld in multiple 
my eloma 

The isoagglutinin titers in patients with chronic lymphocytic leukemia 
are graphically shown in Fig. 1, C. The titei.s are considerably lower than 
those of the normal subjects. Although this group showed both hypogamma¬ 
globulinemia and decreased isoagglutinin titei’s, there was no correlation be¬ 
tween these two factors in the individual case. 

One patient was excluded from the statistieal analysis. This patient 
(J. A.), a 60-year-old white man, had been diagnosed as chronic lymphocytic 
leukemia 5 years previously. He had a persistent sharij myeloma-like peak in 

•The chloiambucil used m this study was kindly furnished as p-di(2-chIoroethyl) amino- 
phenydbutyric acid by Bui roughs Wellcome &. Co, Inc, Tuckahoe, N Y 
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the gamma region (Fig 2) Theie ^^as no associated pioteiiiuna Ci>o 
globulins \\eie not present lie had lecuiient bouts of bionchitis and one 
episode of pneumonia Tenmnallj, he developed oral moniliasis His anti A 
and anti D titers ^ve^e 1 1 on seNeial occasions Postmoitem e\amiuation 
leiealed widesinead \isceial in\ol\enieiit bi leukemic iiifiltiates Sections 
Meie stained uitli phloNine nieth>Ieiic blue and methjl gieen pilonine 1 
(Pappenheini Saathof method) No plasma cells iTere noted The leukemic 
cells shoued no affinitj foi the p>ionine 

Chronic M\jcJofjcno\is Ltuheinm —^Tho scia from 13 patients with chioiiic 
mjelogenous leukemia weie studied Twche pitients iveie in lelapse and 
lecened thciapj dining the course of studj Ten patients ueie tieated with 
Mjleian* and two cases leceucd picelmsone 

The electiophoretic and statistical elata aie piesented in Table HI In 
relapse^ the alpha 2 and gamma irlobulin le\t1s of the seia weie significantly 
decieased, while theie was a significant incicase in the bita globulin fraction 
Repeated obseisation of tlie* seium fiom the patient in i emission leieiled no 
significant abnormalities AYhcn the seia from the patients m relapse woie 
compaied with that of tlie p itunt iii leiiiLssioii only one significant diffeience 
a decicase in the alpha 2 globulin fiaetioii in the fonner gioup, was noted 
The isoagglutiiun titeis in chiomc m\eloginous leukemia followed a noi 
nial distiihution 

Myehid Metaplasia —Fuc patients with nneloid metaplasia weic studied 
Four patients weic m icmission One patient leceiied local \ irradiation dm 
iiig the period of stud\ 

The eleetiophoictic and statistical data aie piesented in Table IV The 
serum of the patient in lelapse was sigiuficaiitl\ decreased in its alpha 2 and 
beta globulin lesels aiul significantly inci cased in its gamma globulin le\el 
on lepeatcd obsenatioii The 4 patients m iemission had deci eased seium 
alpha 2 and gamma globulin \alues Vhen the seium of the patient in i elapse 
was compaied with that of the patients iii iemission theie was a significant 
deciease in the beta globulin fiactioii and a significant incicase in the gamma 
globulin level 

The isoagglutiiun titeis in niytloid mctapl isii weie low but the iiuiubci 
of dcteiminations was iiLSuflicient to itndei definitt conclusions 

Polycythemia Ruhra Veta —The sera fiom 4 patients in this gioup weie 
studied Theie was no significant diffeiciice between the control seia and pa 
tient sera The isoagglutiiun titeis followed the normal distiibntion 

One patient (AI T ), a ‘j2yeai old Negro woman, was excluded fiom the 
statistical analysis because she had a shaip peisLstcnt myeloma like peak m 
the gamma legioii (Fig 2) Polycythemia had been diagnosed in 1954 Lnei 
function tests weie noimal There was no proteinuiia Ciyoglobulins were 
not present Cone mariow aspiiations on 3 lecent occasions leiealed hypo 
cellukai maiiow with a shift to the left Theie was no mciease in plasma 
cells The anti A and anti B titeis weic 132 and 116, lespeetuely, on 
scieial occasions 


'Busulfan (1 4 dimethanesulfon>lox>butane) 
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‘See footnote to Table II 
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Acute Leukemia —The seia tiom 10 patients 'with aente lenkmia vveie 
studied, including acute Ijmphocytic leukemia (6 eases), acute monocytic 
leukemia (i cases), and histiocjtic leukemia (1 case) Poiu patients vveie 
tieated with piedmsone, and two patients locened Metieoittn and 6 meicap 
topuime 

The clectiophorctie and statistical d.ita aie piesuited in Table V In 
1 elapse, tlure weie significantly deci eased seium albumin and total piotein 
levels and significantly incieastd alpha 1 and gamma globulin vmlues In 
i(mission, theie weie significantly elevated serum albumin values and sig¬ 
nificantly’^ decicascd values of alpha 2 and gamma globulin AVheii the scia 
fioni the patients in lelapse weie compaicd with that of the patients in le 
mission, the albumin and alpha 2 globulin fi actions vvcie significantly lowci 
and the alpha 1 and gamma globulin fiactions weie significantly highei in 
the foimei gioiip 

Theie was no diffeiencc between the iso.iggUitinin titeis of the 10 pa 
tients with acute leukemia and those ot the contiol gioiip IMoicovei, theie 
was no coil elation between gamma globulin levels and isoaggliitimu titeis in 
this gioup 

Multiple Myeloma —Twelve iiaticnts with multiple mveloma weie studied, 
including one case of plasma cell leukemia Eight patients received thoiapy 
including uietbanc (6 eases), \iav (1 case), and piedmsone (1 case) Ten 
patients had homogeneous scium constituents with the following mobilities 4 
cases, fast gamma, 3 cases, mtcimcdiatc gamma, 2 cases, slow gamma, and 1 
case, slow and fast gamma 

The electiophoietic and statistical data foi tins gioup aie piesentcd in 
Tabic VI The 4 patients m lelapsc had sigmfieantly decicased serum levels of 
albumin and significantly elevated values foi the aljiha 1 and gamma globulin 
fractions The 8 patients m icmission liad signifieantlv low serum albumin and 
beta globulin values and signifieantlv elevated values foi the gamma globulin 
and total piotem conccntiation IVhen the scia fiom the patients in i elapse 
weie compaied with that of the patients in lennssion, the values foi the 
albumin fraction and total piotein conccntiation weie signifieantlv lowei, 
and the levels of the alpha 1 and gamma globulin fractions were signifieantlv 
liighei in the foimei gioup 

In 3 cases, tieatinent was of such shent diuation that tlu ettects coiiltl not 
be evaluated Xiiiadiation to locali/cd lesions and Meticoitin pioduced no 
effect on the piotein distiibution Theie was a deci ease m the height of the 
peak in 4 cases treated with methane One patient had a decreased peak 
initially iindci theiapy which subsequently incieased In aiiothei (M C ), 
the band disappeared completely fiom the ti icings of a sample taken 25 days 
after methane theiapy Teehmcal and cleiieal eirois appeared to be satis- 
factoiily luled out as an evplaiiatioii foi this stnking change Electio 
phoiesLs two months latei levealed icappeaiance of the band (Fig 3, C) 
Uufoitunatcly, intermediate seia weie not available Uiethane theiapy pro 
duced a considerable dceieasc m the alpha 1, beta, and gamma globuluis, and 
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a significant cle\ation of the allmmm liaction in > ol 0 cases Tlieie uas a 
conciuicnt clccieasc in the total pioteiu coiieintiations With continued 
methane theiapj in 2 ot tlicse d cases, the alimmiii once nioie decieased and 
was accompanied by a ilsc in the alpha I, beta, and gamma globulins, and 
total piotein concentiation 

The distiibution of the isoagglutimii titeis is shoN\n in Tig 1, D Theie 
was a stiiking deciease m the titeis in multiple m>cIoma Coiielation be 
tween the piesence oi absence ot almoimal piotein components with isoag 
glutimn titeis could not be deteimined because of the limited numbei of 
cases without these piotcins 

roiu patients had pneumonia dining the peijod of studj, wliile one pa 
tient succumbed to a staphylococcal sciiticemia which aiose in a buttock 
abscess 


NORMAL 


A 


X P cCi C<| ALB 

~ T' 


._L^ 




Xj_H 


B 


C 



Flff --Paper electiophoietic pitterns of the serum protems of a patient (M C ) ^Mth 
VVjv^'i^ ”>>tIomci exhibiting' ( \) an intermediate gamma bund jirlor to ureliiane tlierap> 

^ ii '•'^^Pyear'inci, of the in>Lloina protein ultli uretinne tlierapy anil (C) the leappcarance 
of the abnoiinxl component on continued thciap) 


DISCUSSION 

Oul lesults aie in gcneial agieement with those of othei in\estigatois 
Abnoimalities aie ficquently pieseiit in the scium of patients with diseases of 
the leticuloendothehal sjsteiu, the gamma globulins being most fiequentlj 
alteicd 

It IS inteiesting to note tliat the findings in Hodgkin’s disease diffei in 
sc\eial icspects fiom otliei t>pcs of malignant l^^nphoma and chionic 
Unnphatie leukemia Fust, h>poilbumincmia is a significant finding m the pa 
ticnts with Hodgkin’s disease in lelapsc, while this is not so in the othei 
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groups studied. Althougli this may simply be a nonspecific response to the 
severity of the illness, the case material does not give support to this theory. 
Second, there was an increase in the alpha and beta globulins with a normal 
gamma value in this same group of patients, while those with lymphoma and 
lymphatic leukemia had variable changes in alpha globulins associated with a 
significant decrease in gamma globulins. Third, the isoagglutinins were 
present in normal titer, while those in the lymphoma-lymphatic leukemia group 
were low. 

These findings differ from some of the repoi-ted studies of electrophoresis 
in Uodgkin’s disease, which have frequently revealed an increase in gamma 
globulin.Also, in contrast to other reports of scrum electrophoresis in 
cases of lymphoma which have described an increase in alpha, beta, and 
gamma globulins, a significant decrease in gamma globulin was demonstrated 
in the present series. Our observations of hypogammaglobulinemia in lym¬ 
phatic leukemia, however, do confirm observations of others.-’ '• “ The dis¬ 

crepancy between our results and those of other investigators may be par¬ 
tially explained by the dift'erence in separation of protein fractions in the 
Tiselius apparatus and by the clinical status of the patients themselves. 

Studies of isoagglutinins in the lymphoma-lymphatic leukemia group re¬ 
vealed a definite decrease in titer, and although there was no direct correla¬ 
tion with total gamma globulin, this finding was coincident with the tend¬ 
ency toward hypogammaglobulinemia. 

In chronic myelogenous leukemia, serum protein changes were also found. 
Both alpha-2 and gamma globulins were significantly decreased, and beta 
globulin increased, in agreement with other reports.’’ =’ ’’ “’ ® 

The other myeloproliferative diseases studied varied somewhat from the 
leukemic group. The alpha-2 and beta globulins Avere significantly decreased, 
and gamma globulins Avere normal or Ioav in myeloid metaplasia, Avhile no 
abnormalities Avere found in polycythemia A’^era. This may merely reflect the 
extensiveness of the extramedullary invoh-ement in these syndromes. Al¬ 
though gamma globulins Avere abnormal in patients of the myeloproliferative 
category, isoagglutinin titers did not reflect these abnormalities, but shoAved 
a normal distribution. 

Acute leukemia is also associated Avith significant serum protein altera¬ 
tions. The presence of hypoalbuminemia, hypoproteinemia, and increased 
gamma globulin in the present series confirms the results of other investi- 
gators.’^’ “’ These changes revert toward normal during remission. 

Our results in multiple myeloma are also similar to those of many 
authors.Hypoalbuminemia is associated with an elevation of alpha-1 and 
gamma globulins and an increase in total protein concentration. All the 
myeloma proteins found had mobilities in the gamma area. It should be 
noted, hoAvever, that myeloma proteins may occur in the range from alpha-2 
through sloAv gamma. 

Therapy led to a partial reversion of the protein pattern to normal Avith 
improvement of the clinical status. Such a change has also been reported by 
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Bundles and associates The complete, although transitoi->, disappeai 

ance of the injeloma pioteiu band noted iii one of oui jiaticuts is, hoiveeei, laie 

Although gamma globulins nere ineicased in myeloma, a deeiease in iso 
agglutinin titeis suggested that theie Mas an actual decioase lu the piopoi 
tion of noiinal gamma globulin components 

It IS noteMoithy that homogeneous seiiun components may also bt found 
in diseases otliei than mjeloma® ' * In the picsent senes, 3 cases (1 with 

Ijmphocjtic lymphoma, 1 with chiome Uiuphoejtic leukemia, and 1 with 
poljcythemia ^ela) had peaks in the gamma laiige lesembhiig myeloma pio 
teiii One might postulate that the malignant Ijmphoejte is the soiuce of this 
piotein in the fiist 2 eases, smee the close lelationship between plasma cell 
lymphocytes, and gamma globulins has been emphasized by’’ many The 

source of the abnoiinal piotem in the thud case lemaiiis unesplained 

Significantly dceieased isoaggliitinin titeis occuiied in om patients with 
malignant lymphoma, ehionie lyniphoeytie Itnkemia, and multiple myeloma 
Schilif and ^rcndlowucz-^ weie the fiist nnostigatois to lecoul the fiequency 
of leiy low isoagglutinin titeis in leukemia Ziiendel*’® coiiolioiated these 
obsei\atioiu> in anothei seues of leukemic patients He also noted tint titeis 
incieased with iemission of the disease Da\idsohn studied 38 pitients with 
acute and chiome leukemia and found tint the titeis in the thionic cases 
weie less than those of a contiol gioup He noted no dilfeience between 
myelocytic and lymphocytic leukemia, but he found both to be moio bignifi 
eantly decicased than the acute cases It is possible that the teudeiicy tow aid 
low \alues could be paitially e\])Hincd m oiu senes by the oldei age iiici 
deuce m the lymphocytic leukemia and myeloma gioup, since the titeis aic 
said to decline with age"® Iloweici, the tiend wu not confined to oldei 
patients 

Seieial patients with hypogammaglolmhneniia suffeied bacteinl infec 
tioiis during the couise of the stiuh The assocntion of the lack of immune 
lesponse with lecuirent infections in patients witli malignant disorders of the 
hematopoietic and leticuloendothelial system Ins been emphasized,®® and the 
low titers of isoagglutiiiins in some of these diseases may be consideied as 
anothei manifestation of the inadequate immune mechanisms often piesent in 
these disordeis Recognition of this defect could certainly’- be of some clinical 
significance in. the management of these cases 

SUM3I \R\ 

The serum proteins in 99 patients with Hodgkin's disease, othei mahg 
nant lymphomas, acute leukemia, ciiiomc lymphocytic leukemia, the myelo 
pioliferative disoideis, and multiple myeloma ha^e been studied by electro 
phoietic and seiologic techniques The icsults of this analysis have been 
described, and the significant alteiations commented upon together with ob 
seivations on the effects of theiapy In addition, the occiurence of myeloma 
like pioteins m the seia of 3 patients with lymphoblastoma, chiome lympho 
cytic leukemia, and polycythemia lubia leia is reported 
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THi: ACID BASE BALANCE AND SODIUJI DISTRIBUTION 
OP THE BLOOD IN ESSENTIAL HYPERTENSION 
Jou^ JI WtLun, AID 
Ank Aubou, Alien 

A cute alteiations of the p.utial piossmc of caiboii tlio\ule Bithiu the 
pulmonaiy ahcoli affect the casciilai sjstem Respiiatoij aculobis pio 
dueed hy the inhalation of caihon dio\ulc causes in eleiation of both sjs 
tolie and diastolic blood piessuics of noinial m in ‘ The nouml dog and the 
leiial hjpeitensiie dog ha\e a siiiiil it ptcssoi ies])onse, although the neuio 
geme hjpei tensile dog and the ciiiaiized dog shou a depussoi eftect ’ 

The coineise of acute Inpeieipnea causing clesation of the blood pies 
suie has also been lepoited, that is, it lias been found that in essential lijpci 
tension tlioie is a ptimiiy lespiiatoij acidosis^ It is possible that this maj 
be related to the ilteiation in the seiuiii sodium coiicentiation ivhieli has been 
lepoited in this disease* ' These consideiations piompted fiiithei study of 
the acid base balance and the plasma and Mhole blood sodiuiii and uater con 
tents of patients hating essential hjpeitension Pieliminaij studies tended 
to confliin the leported association of lespiiatoiv acidosis tilth essential lij 
lieitension** Euithei etaluatioii has failed to substantiate this eoiielation 

tItTLIinib t\D tItTIIODS 

Llesen normotensuc subject's, 8 laboratory %\orkers and 3 patients (9 men and 2 
uonien), resting blood pr(.‘=‘<ures b low 145/90 mm llg and 26 patients (10 nn>n and 
10 women) with e‘>sential hypertension Iia\iiig blood pressures abo\e these le'els were 
studied Fue of the hypertensive subjects were recuiving antihypertensivo drugs (3 
leserpine and 2 iiiecamylamiiie) Ivonc bad clinical or laboratory evidences of pulmonary 
tlifecase, cirdnc failuri. or renal insuffiLiciicy Vrtinilized, hepinnizod venous blood was 
withdrawn from the heated inn aftir 30 minutes of reeumhiiuy ind the plasma scparitcd 
anaerobic illy Blood pressure readings were taken before and after venesection ihe 
mean blood piessurc was calculated as the diastolic prcssuie plus one third of the pulse 
pressure Plasma pH/ CO content,^ and the per cent of packed red cells were deter 
mined, and the partial pressure of caibon dioxide (pCOg), the plasma bicarbonate con 
contrition, and the whole blood bufftr base concentration (B,,*) wlic calculitcd® The w itcr 
content of both plasma and whole blood wis determined by drying to constant weight and 
the sodium concentration by flame jihotometry 

RESULTS 

The mean blood pressuie of the uoiinal gioup was 90 mm Ilg and tliat of 
the hypcitensive patients was 146 mm Hg (Table I) In the hypeitensive 
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group the male patients had a mean pressure of 148 mm. Hg and the female 
subjects had a mean of 142 mm. Hg. The hypertensive patients had a lower 
mean hematocrit value than did the norniotensive subjects. This was not due 
to the proportionally greater number of female patients in this group because 
the mean hematocrit values for each sex were nearly the same. The plasma 
pH was similar in both groups, being 0.02 pH unit lower in the hypertensive 
patients. There were Aurtuallj'^ no differences in the mean plasma CO 3 con¬ 
tents or caleiilated bicarbonate concentrations. The whole blood buffer base 
concentration (Bb-t) Avas slightly loAver in the hypertensive group because of 
the loAver per cent of red cells present. The partial pressure of carbon di¬ 
oxide in the arterialized blood (pCO.) Avas slightly higher in the hypertensive 
group. In the normotensiA^e group the male subjects had a mean pCOs of 
44.9 mm. Hg and the females 43.9 mm. Hg. In the hjqjertensive groiip the 
male patients had a mean PCO 2 of 44.9 mm. Hg and the females 46.4 mm. Hg. 


Table I. !Mean Deteraiixed axd Derived Values Describing the Acid-Base Balance 


GROUP 

MEAK BLOOD 
PRESSURE 
(mm. Hg) 

HEMATO¬ 

CRIT 

(per cent) 

PLASMA pH 
(UNITS) 

PLASMA 

CO, 

CONTENT 

(nOr./L.) 

WHOLE 

BLOOD 

(Sb+) 

, (mEq/L.) 

pCOj 

(mm.Hg) 

Normal 

Mean 

90 

47.8 

7.38 

26.,84 

48.4 

44.7 

S.E. 


1.08 

0.009 

0.432 

0.379 

1.13 

Hypertensive 

Mean 

146 

44.2 

7.36 

26.89 

47,6 

4d.o 

S.E. 


0.96 

0.009 

0.511 

0.3,84 

1.31 


S.E. = Standard error of the mean. 


Table II. JIean Deterjiined and Derived Values Describing Sodium Content 

AND Distribution 


GROUP 

PLASMA 

SODIUM 

(mEq./L.) 

plasma 

WATER 

(GM./lOO GM.) 

WHOLE BLOOD 
SODIUM 
(mEq./L.) 

WHOLE BLOOD 

WATER 

(GM./lOO GM.) 

red cell 

SODIUM 

(niEq./L. 

B.B.C.) 

Normal 

Mean 

143 

91.8 

92 

79.1 

35 

S.E. 

1.22 

0.75 

2.68 

0.75 

6.24 

Hypertensive 

Mean 

142 

91.2 

93 

80.3 

34 

S.E. 

1.30 

0.15 

2.19 

0.49 

6.08 


The mean plasma sodium concentration of the hypertensive group Avas 1 
niEq. lower than that of the iiormotensiA'e subjects Avhereas the mean Avholc 
blood sodium concentration Avas 1 mEq. higher (Table II). The calculated 
sodium content per liter of red cells aa'us slightly lower in the hypertensive 
patients. The plasma Avater content was nearly the same in both groups. 3'he 
Avhole blood Avater content Avas slightly higher in the hypertensive group lead¬ 
ing to a greater calculated cell Avater content per liter of red cells. “When the 
sodium concentration of the plasma and red cells is calculated per liter of 
Avater in each phase, the hypertensiA^e group had a loAver intracellular sodium 
concentration. 
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None of the diffeiences between gioiip means in the p.uameteis of the 
acid base balance oi in sodium distiibution was statistically significant 
Giaphic pieseiitation of these deteiminants disclosed no eouelations with the 
blood inessuie 

DISCUSSION 

AValdion and Goldstein lepoitcd that the mean pll ot the aiteiial blood of 
19 Inpeitcnsue patients without lenal functional impaiiment was 0 05 unit 
lowei than that of 14 noimotensivc subjects and then mean paitial piessiue of 
caibon dioxide (pCOj) was neaily 8 mm Ilg liighei ^ Although these differ 
enees in pll and pCO-. between gioups weie statistically significant, all of these 
\allies fall within the noimal range as defined bj Singei and Hastings® Fiom 
the data of Waldion and Goldstein, assuming the pH’s to be collected to 
bod} tempeiatuie and the noimal artciial oxygen capacity to be 10 0 \oi pci 
cent with an lumatociit of 45 per cent, the mean whole blood buffei base is 
calculated to be 48 G mEq/L in the noimotensue subjects and 47 5 niEq/L 
in the hyiieitensile patients, both being noimal \allies 

These findings in the hypeitensiic gioup of a lowci pIT, a highoi pCO 
and an unalteied buffei liase aie in the dnection of those piescnt in a pnmniy 
icspnatoiy acidosis but without an} associated metabolic dcMatiou m the 
acid base lialance Tlie data itpoitcd in this study aie in agicement with tlie 
findings of ^Valdion and Goldstein as to dnection of change but the diftii 
onces between gioups aie of Icssci magnitude and lack statistical significance 

]Man\ faetoi’s influence the caiboii dioxide tension and pll of the aiteiial 
blood Vaiiations due to diet, actiiity, and age weio eliminated in the study 
of ■\Valdion and Goldstein Sex dLstiibution was not specified It has bein 
found that the COj tension of the blood is 4 mm Ilg less in women than in 
men® In the senes pieseiited hcic this iclationship was not found in the 
hypeitensile jiatients The pCO- of the female patients was slightly highei 
than that of the male subjects This suggests that the female hypeitensiie 
patients do haic a tendenc} towaid a piimaiy lespiiatoiy acidosis while the 
male subjects with hypeitension do not From this evidence it would appeal 
that theie is no diiect iclationship between the piimary lespnatoiy aiidosis 
and the picsencc of essential h}pei tension pci sc 

The acid base lialanec of the blood is leiy sensitive to changes in lespiia 
toiy actiiity Dining sleep the carbon dioxide tension of the blood uses 
about 7 mm IIg^“ Similaily a piimaiy lesimatoiy acidosis ensues quite 
piomptly following initiation of bieathiiig into a closed system In such 
acute situations theie is no associated metabolic alteiation in the blood buftei 
base If a piimaiy change m the acid base balance peisists long enough a 
secondaiy change in the othei laiiable does occin Such is the case in pul 
monaiy emph}scma wheie the piimaiy lespnatory acidosis is accompanied 
by a secondaiy metabolic alkalosis® The absence of a secondaiy alteiation 
in the ])lood buffei base in the hypeitensiie patients studied by 'Waldion and 
Goldstein suggests that the tendency towaid a primary lespiiatoiy acidosis 
was of lelatively short duiation and theiefoie likely due to a tiaiisient 
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physiologic disturbance rather than to pulmonary disease. Indeed these 
authors state that their patients were free of any pathologic condition which 
might interfere with normal pulmonary A'entilation.^ In the hypertensive 
subjects reported in the present .study there was likewise no evidence of pul¬ 
monary emphysema or any other pulmonary disease. 

The hypernatremia reported to be present in hypertensive patients as a 
group was not demonstrated in this study. Holley and Holland found the 
mean plasma sodium concentration of 75 hypertensive patients to be 2.5 
niEq./L. higher than that of 400 normotensive subjects.* Albert and co- 
workers repoi'ted that the plasma sodium concentration was nearly 6 mEq./L. 
higher in hypertensive subjects."’ A previous study from this laboratory sug¬ 
gested that the milder eases of essential hypertension had slightly elevated 
plasma sodium concentrations.*- This was not evident in the .survey presented 
here. 


SUMMARY 

A study of 26 patients having essential hypertension and 11 normotensive 
subjects failed to demonstrate a direct relationship between elevation of the 
blood pressure and the presence of a primaiy respirator}’- acidosis or hyper¬ 
natremia. The tendency of hypertensive patients as a group to have a re¬ 
spiratory acidosis, as evidenced by the slight elevation of the partial pressure 
of carbon dioxide and lowering of the pH of their blood, but withoirt any 
change in buffer l)ase, is most likely the result of transient physiologic hypo¬ 
ventilation. 
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ESTI3LVTI0N OP' BILIRUBIN AIONO AND DIGLUCURONIDE IN THE 
PLASMA AND URINE OF PATIENTS AVITII NOMIEAIOLYTIC 
JAUNDICE 
Dv\id StmciiTFit, JI D 
New York, N A' 


E vidence Iiom se\eial latioiatones iii(Iioatc.s that the diiect reacting hili 
lubin in plasma is a iiiixtuie of two piiiicipal coiiiiioiiiuls, biliiuhin mono 
and diglueuionide" ‘ Tlie sole method available foi estimating the biliiubin 
conpigates is the column chiomatographic assaj desciibed bj Billing* With 
this technKjue Bollmaip has obseived that the estimation of bilnuhin mono 
and diglucuronido in plasma can be of value in the diftcieiitial diagnosis ot 
jaundice Theieloie, it seemed woith while to develop a moie simple, lapid, 
and sensitive pioceduio foi estimating the mono and diglueuionide in diieet 
leactiiig biliiubiii 

Ill the method deseiihed below the iclativelj labile bilinibin gliieuioiiides 
are initiallj coupled with diazotued sulfanilie acid (the direct van den Bergh 
icactioii) to jicld the stable a/opigmeiit deiivatives In the leaction 1 mole of 
diglueuronide jields 2 moles of aropigment B, and 1 mole of monoglucuionido 
} iclds 1 mole of azopigineiit A plus 1 mole of aroingment B' Subseiiuentlv, 
the aropigments aie evtraeted, scpaiated bv a simple jiaitition between butanol 
chloiofoim and acetate buffci, and estimated coloiimetricallv The propoitions 
of mono and diglueuronide in the diieet leactiiig bilnnbin are calculated fiom 
the lelative quantities of a/opigmciits A and B found 

The method has been apiilied to estimations of the mono and diglueuionide 
in the direct leacting bilnubin in human T tube bile, and in the plasma and 
uiine of patients with iionhemoljtie jaundice In addition, the renal clearances 
of bilinibin mono and diglueuionide have been deteimined simultaneouslv in 
each of 4 patients 

StVTFRIVLS VND VIETHODS 


Preparation of Azopigmcnts —Solutions of puritic<l azopigments and B nere pre 
pared as reference standards for the procedure Azopigment V was prepared bj coupling 
a chloroform solution of pure bihrubm (Mann Research Laboratories, rap 200® C, X max 
450 m/I in chloroform, L = 53 6 x 10*) ■with diazotized sulfanihc acid in 50 per cent 
methanol The resulting solution of azopigiiiLiit A was evaporated at 40® to 50® C 
almost to drjness and diluted with water to a convenient volume Azopigment B was 
prepared bv treating fresh human T tube bile with diazotized sulfanihc acid Subse 
quently, the azopigment B was extracted with n butanol and purified bj ascending paper 
chromatographj « Alternative!), an e»iual volume of 3 0 M acetate of pH 3 0 was added 
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physiologic disturbance rather than to pulmonary disease. Indeed these 
authors state that their patients were free of any pathologic condition which 
might interfere with normal pulmonary ventilation.^ In the hypertensive 
subjects reported in the present study there was likewise no evidence of pul¬ 
monary emphysema or any other pulmonary disease. 

The hypernatremia reported to be present in hypertensive patients as a 
group was not demonstrated in this study. Holley and Holland found the 
mean plasma sodium concentration of 75 hypertensive patients to be 2.5 
mEcp/L. higher than that of 400 normotensive subjects.^ Albert and co¬ 
workers reported that the plasma sodium eoncentration was nearly 6 mEcp/L. 
higher in hypertensive subjects.-'^ A previous study from this laboratory sug¬ 
gested that the milder cases of essential hypertension had slightly elevated 
plasma sodium concentrations.^- This was not evident in the survey presented 
here. 


SUilMARY 

A study of 26 patients haviivg essential hypertension and 11 normotensive 
subjects failed to demonstrate a direct relationship between elevation of the 
blood pressure and the presence of a primary respir.atory acidosis or hyper¬ 
natremia. The tendency of hypertensive patients as a group to have a re¬ 
spiratory acidosis, as evidenced by the slight elevation of the partial pressure 
of carbon dioxide and lowering of the pH of their blood, but without any 
change in buffer base, is most likely the result of transient physiologic hypo¬ 
ventilation. 
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jtftrokuni tther for 2 mmutc Th». azopi^ment V ua- retxtricted into the 4 0 ml of the 
iqut.ous (lo^tri Ia>tr, re ultin^ in a fourfoll increa*^ in conrcntration The optical flen-it\ 
at ^0 ni#i of tin azeji^rapct V ontainin^ pha'^, was ♦ tuiutcd after centnfu^iation 

Caliuloiioi^ —Tit. fraetion OI) ot direct reacting i ilirui la iihicii i- luono^jlu uronnlt, 
or ]i^.luf*uroniJ (,1 il) tin !><. tahuli e«l from the toncetitrationA of azop^nnent in the ace 
tat* hufftr IiT«r etpre"etl m oplital den'*il\ unit'* pH.r milliliter) anl m the butanol 

chloroform la\er t C >> e timati**! in ''U p \ I \ the folluutn^ equation* 

M = b2i/fCx/C, -r 2t)0> (I) 

Wan hquation 1 is r*arran^e«l to Cx/C© = 02711/M> — 2 00 , the relitionlup 1,. tween 
Ci/Co ‘tnl 2/iI tan !>* jlottei hntarU a'> hown in Fi„ 1 

roni>uf«/5—The entire pitieeduic was loutinelv completed \nthiu 30 iiun 
ulc'^ to minimi7e po-v'^ihle h^drol\^L^ ot d70pi<imeiit B at pll 2 to 3 The values 
obtained were lepruduciblc m 10 determinations ot a sample ot plasma the 
pel cent mono^jluciuonide m the direct rcaclin^* biliiubm wa.s 66 r 2 (mean ± 
s-tandard dctiation) 

The diiect \an den Bcrjili leaction a-> pcrionncd above appeai-> to be specific 
toi conjuffated bilimbiiL Thw was demoib>tiated b\ du^ohiiiir pure biliiubm 
m a small volume oi 02 \ \aOII and adding it to normal plasma ^^lth con 
ccntrations ot indirect rcactiii,: biliiubm as high as 25 mg per cent, the quan 
titles 01 azopigmeut A loinicd iii the direct icaction were insignificant 


UI>LLT-s 


('ompartsoH “With the Chromatographic Method —The le^ults ot estimations 
of tlic pel cent ot mono and diglucuronidc in the diiect leacting biliiubm ot 
bile, uiine, and plasma aie shown m Fur 1, and ague with the values obtained 
bv otheis wnth the column chiomatographic mclliod * ^ * Biliiubm dmlucu 
loiiide accounted tor Nl and Si jicr cent ot the diiect leactmg bilirubm m the 
bile and mine spccimc cs, lesjicctivclv In coiitiast, biliiubm monoglucuiomde 
was tiequcntlv the inapn fiaction m the plasmas of the 23 patients with non 
hemohtic jaundice The mean value in plasma was 61 pci cent monoglucu 
lonidc, comparable to 05 pci cent monogluciuoaide (19 ob^eivatioiis, 17 pa 
ticnLs) and 52 pci cent (59 obscivatioiis, 22 patients) leiioitcd in two studies 
with tlic cliiomatugiaphic method ’ * 

V sample of plasma liom eacli ot 10 jiaticiits was tested bv both the chio- 
nntographic and tlie pic ent teclini<iucs to compaie the methods directh The 
values obtained paialleled each othci vvith a corielation coefficient of 0 84 
(p<001) The piopoitio.i ot monuglucuiomde was gcnciallv 10 to 15 jiei 
uiil lowci wnth the chromatogiaphic method t 


•M = V< V ♦ B) where V = trial azopigm nt V m the acela ‘•/butanol-chlorofomi 
lubf = (Cj) (<5 0) <1/0 S3) .ini B = total azopigment B in the tub** = H Ca ) (to) - < V.) 
< -* II > (1/1 > Sub tnu ms for V anJ and sjnipli/>jng results in Equation 1 The 


factor 1/0 . corrcc s for the k*-. complete extraction ot azopigmcnt B reUtice to Hzopi^ient 
V. in the initial but mol extraction Th<» \aluea for th** constants m Equation 1 should b#* 
checkc-*! with laniard azcpignjenls \ an 1 B anl ma> xai^ &lightl> 

Billinj, C le anl Lath*- have note I a requirement for ethanol for complete couolinir 
*f rignicnl I (obtaincl from counins) with the diazo reagent. If this were aLo true in 
t lasma it urull re ult in low \ ilu<s for th* monoglucuroniie as esliniatel above Hnuecf-r 
‘^mewhat higher than those obervel with the column 
mctho<J sucgesting that m pH«ma the bilirubin monoclucuronide mai be couoled comnletelv 
with diaz tizei sulfanilic acid m the ab ence of etbanoL ** ^ 
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Plasma Bilirubin Glucuronides .—Table I summarizes tiie results of estima¬ 
tions of the per cent monoglucuronide in the plasmas of 23 jaundiced patients 
with various diagnoses In each instance the diagnosis was established by his¬ 
tory and phj^sical examination, liver function tests, typical clinical course, and, 
except in the cases of piobable viral hepatitis, by liver biopsy or surgical ex¬ 
ploration. The per cent monoglucuronide ranged from 55 to 65 in 13 of the 



1—Relationship bet^\een the ratio of the concentrations of azopigments in the 
aqueous and organic lasers and the proportions of mono- and diglucuronide in the diiect- 
icacting bihrubin A plot of C\/Co \ersus 1/M (see text) results m the straight line shown 
The mean \alues (indicated on the line) and the ranges of \alues for the pei cent mono¬ 
glucuronide (figures in parentheses) in bile, urine, and plasma are shown 


Tvbll I. Tjie Per Cent Oi M0NO(.LbcuROMi>E i\ the Plasma Direct Revciing Bilirubin 
OF Patients With Nonuemoiatiu JAiNOirc 


\LitBER 

OF' 

PVTIENTS 

PER ( LNT 

OF' lOTAL 

PATIFNTS 

PER CENT 

JIONO 

GLl ( 1 ROMUF 

DIAGNOSES’^ 

4 

17 

32 48 

Acute choleclocliolitlnasis (1); eaily vjial liepatitis 
(l)j cliolangiohtic hepatitis (1); heniocliroiiiatosis 
(1) 

13 

57 

55 65 

Viral hepatitis (9) ; chioiiic bihaiy obstruction [con 
genital atresia of bile ducts (1), carcinoma of 
common bile duct (1) ; carcinoma of head of pan 
creas (1) ] , portal cirrhosis (1) 

6 

26 

67 88 

Poital cirrhosis (2); diffuse hepatic carcinoma (2); 
secondarj biharj cirrhosis, 8 years (1); Dubiii 
.Tohnsoii sjndrome (1) 


♦The number of cases with each diagnosis is indicated by parentheses. 




or UCUnONrnrS W ^OMIEMO^\TIO TAUNDICE '5fil 

23 patients This ijioiip included most of the cases ot Mial Iiepatitis and 3 
patients witli extialiepatie biliai\ obstiiictioii ioi o\ei 2 months Pelatne]> 
low monogluciuonide \alues (le, high diglucuioiiidc 1l\cIs) wtie obsci\ed in 
induidiial patients with acute choledochohtliiasis (32 pei cent inonoglucu 
lomde), Mial hepatitis at the onset of jaundice (43 pci cent), cholangiolitic 
hepatitis (4S pei cent), iiid hemoehiomatosis (45 pci cent) Relatl\el^ liigli 
monoglucuioiude lc\els, langmg fiom C7 to 88 pei cent, weie obsei\ed in G 
pitients, including 2 cases ot poital ciiihosis (G7 and C9 pel cent), 2 cases of 
diftiisc intiahepatic caicmoma (7S and SS pci cent), and 1 case of secondai\ 
biliaiN eiiihosis toi o\ei S ^eals (74 pei cent) 

Itcnal Cleaiance of Bilnuhin Glucmomdcs —Tlic icnal cleaianccs of bill 
lubin mono and diglucuionide lia\c been estimated simultineousK in eacli ot 
4 jaundiced patients Timed, \oidcd mine samples weic collected foi 2 to 3 
houis, and ^enous blood samples wcic diawn at the mid points of the Lollectioii 
periods The \alue foi the total diiect icactmg biliiubin in each sample-' was 
multiplied b^ the fiaction of mono and digluciuomdc to Mcld the coiicentiation 
ot each conjugate in plasma and mine, and the lenal clcaiances wcie calculated 
b> tomentional methods As shown in Tabic II the cleaiaiices of biliiubm 
diglucuronide \aiicd fiom 0 41 to 0 96 ml pci minute, and consuleiablj es 
ceeded the cleaianccs of the monoglucuionidc, 0 05 to 016 ml pei minute 


Tuiii II Tub Pfnai Cleuisncesoi Bnmums Mono \sd DirLtciROSiPE 


I VTIENT 

m \ososis 

ULVaLCLbARVNCE (ML PEtl MINLTB) 

MOSOPLICI JtOMDE | 

aiOLLCUKOSIDB 


Viral htintUis 

0 n 

0 47 


Bilnr^ cirrhosis 

0 16 

0 S8 

3 

Viral hepatitis 

0 00 

0 41 

4 

Circinonu of he id of pancreas 

OOo 

0 06 


DISCUbSION 

E\peiimeiital and cluneal studies desciibed bj Bollmaii indicate that bill 
lubin IS conjugated to the diglucmonidc onl> in the li\ei The latter compound 
IS the majoi bilirubin conjugate sccictcd into the bile and ma\ accumulate in 
the blood following acute biliarj obstiuction Biliiubin monoglucuiomde can 
be sj nthesi7ed in extraliepatic tissues and may accumulate in the blood in hepa 
tectomized animals and in patients with hepatic paienclijanal disease® Thus, 
It would be anticipated that estimation of the biliiubin glucuronides in plasma 
could be of \alue in the diagnosis of jaundice In confiimation of Bollnidn’s 
obsei\atious, high plasma diglucuronide leads wcie oliseiaed in a patient with 
acute common duct obstiuction and in anothei with anal hepatitis dining the 
onset of jaundice Tlie piopoition of monoglucuioiude was considerably highei 
in patients avith chionic biliaij obstiuction (2 months oi longei), and in tliese 
patients the piopoition did not differ sigmficanth fiom that obseraed in pii 
mary hepatic parenchyinal disease The highest nwiwghieiiioinde leaels weie 
noted in patients with advanced poital enrhosis, diffuse hepatic neopla^^m, and 
111 one case of secondaij biliaij ciiihosis of 8 jears’ duiation 
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It seems reasonable to conclude that a marked predominance of bilirubin 
diglucuronide in the plasma suggests the diagnosis of acute biliary obstruction, 
whereas a very high proportion of the monoglucuronide suggests hepatic paren¬ 
chymal disease. Inasmuch as almost 60 per cent of the patients studied com¬ 
prised an intermediate group, with monoglucuronide levels varjdng from 55 to 
65 per cent of the direct-reacting bilirubin, estimation of the giucuronides in 
plasma appears to be of limited diagnostic value. 

The method of estimation described can be useful in studies of bile pig¬ 
ment metabolism. The procedure is simple, rapid, and applicable to samples 
containing as little as 4 mg. per cent direct-reacting bilirubin. The values ob¬ 
tained are similar to those observed with tlie more complicated chromatographic 
technique. In the present studies the method has been applied to the simultane¬ 
ous estimation of the renal clearances of tlie bilirubin giucuronides. The pre¬ 
dominance of the diglucuronide in the urine of patients witli nonhemolytic jaun¬ 
dice-’ ® is associated with a considerably liigher renal clearance of this conjugate 
as compared to the monoglucuronide. 

SUMMARY 

1. A simple method is described for the estimation of the mono- and diglu¬ 
curonide in the direct-reacting bilirubin of plasma, urine, and bile. 

2. Bilirubin diglucuronide is the major bilirubin compound in human T-tubc 
bile. In patients with nonhemolytic jaundice the dighrcuronide predominates in 
the urine, whereas the monoglucuronide is frequently the major conjugate in 
the plasma. 

3. Estimation of the bilirubin conjugates in plasma is of limited diagnostic 
value, although high diglucuronide levels suggest acute biliary obstruction and 
high monoglucuronide values suggest hepatic parenclymial disease. 

4. The renal clearance of bilirubin diglucuronide is considerably greater 
than that of the monoglucuronide. 
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It seems reasonable to conclude that a marked predominance of bilirubin 
diglucuronide in the plasma suggests the diagnosis of acute biliaiy obstniction, 
whereas a very high proportion of the monoglucuronide suggests hepatic paren¬ 
chymal disease. Inasmuch as almost 60 per cent of the patients studied com¬ 
prised an intermediate group, with monoglucuronide levels varjdng from 55 to 
65 per cent of the direct-reacting bilirubin, estimation of the glixcuronides in 
plasma appears to be of limited diagnostic value. 

The method of estimation described can be useful in studies of bile pig¬ 
ment metabolism. The iDrocedure is simple, rapid, and applicable to samples 
containing as little as 4 mg. per cent direct-reacting bilinibin. The values ob¬ 
tained are similar to those ol)served with the more complicated chromatographic 
techniciue. In the present studies the method has been applied to tlie simultane¬ 
ous estimation of the renal clearances of the bilirubin glucuronides. The pre¬ 
dominance of the diglucuronide in the urine of patients with nonhemolytic jaun¬ 
dice'-’ * is associated witli a considerably higher renal clearance of this conjugate 
as compared to the monoglucuronide. 

SUilllARY 

1. A simple method is described for the estimation of the mono- and diglu¬ 
curonide in the direct-reacting bilirubin of plasma, lU'ine, and bile. 

2. Bilirubin diglucuronide is the major bilirubin compound in human T-tube 
bile. In patients with nonhemolytic jaundice the diglucuronide predominates in 
the urine, whereas the monoglucuronide is frequent^ the major conjugate in 
tlie plasma. 

3. Estimation of the bilirubin conjugates in plasma is of limited diagnostic 
value, although high diglucuronide levels suggest acute biliary obstruction and 
high monoglucuronide values suggest hepatic parenchymal disease. 

4. The renal clearance of bilirubin diglucuronide is considerablj'^ greater 
than that of the monoglucuronide. 
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and 2) belonged to iiieieisiblj aimiie aubjeets, nidintaincd bj means of le 
peated ticatments witli the ditifieial Kidnej * Tno otliei patients (Cases 3 
and 4) wtie severely ill, and died soon aftei admission On the othei hand, the 
lowei RNase activities belonged to patients with eithei acute leiial disease with 
clinical lecoveij (Casts Ifa and 18), or to stationaij ehionic leiial disease with 
lelativelj low eonccntiations of uiea in the blood (Cases 15 and 17) Cases 



FIff 1—Plot of pla&in L RXase acti\it> (in opticil dcnsitj vmits per 10 /il) agunst BUN 
(m milligrams per cent) The numbers in the tiguie pertain to the case's listed in Table HI 
A maximum of 3 pairs of Nalues foi each patient w is plottcl for tin, sake of clarity Tiie 
lettering refers to the first 3 successive samplings for each patient On the veitical line 
are shown the average an 1 tlie uppei 99 pei cent confl lence limits of normal urea plasma 
RNase activity 

14 and 19, liowevci, piesented inodeiate increases in RNase actiMtj m spite 
of a greater concentiation of urea in blood and a fatal outcome, wheicas Case 10 
had a iclatively high plasma RNase activitj with a low degice of uiemia In the 
group with intermediate levels of RNase activities (Cases 5 to 13), some had 


•It ma> be seen that dialysis had no cftect on plasma RNase acti\lt> (Table III Cases 
1 and 2) 
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stationary but se^ele leiial disease (Gases 5, 8, 10, 11, and 13) and otlieis pio 
glossed lapidh to death (Cases 6, 7, and 12) Case 6 showed the piogiessue in 
eiease in both mea and RNase with impaiimeut of iciial function Case 9 had a 
^a^olabie eouise after piostatic obstruction was iche%ed, with a diop in both 
uiea and KNase acti\ity 

DISCUSSIOV 

The abo\e lesults show that plasma RNase activity incieases m the blood 
ot uicinic patients Extiarcual ineniia does not seem to cause such incieases 
although It IS recognized that oui data aie lathcr limited liletais and l^Iaiidel* 
found no signihcant sanation in seium RNase activity in the blood of 20 pa 
tieiits with SLieial diseases, including patients with lenal disease No tlinieai 
01 laboiatoiy data weie given that would peiimt fuithei analysis of then it 
suits Infectious have been leportcd not to influence seium RNase activitv “ 

In a pievious papei’ we discussed the hypothesis that a dteieasc in the 
glomeiulai hltiation late could c\plaiu the ineicase in seium RNase activity 
found after temporal} ligation of the lenal pedicles in lats A similar hvpothe 
sis might account foi tlie lucicasc in seium RNase activity found in uiemic 
patients Ilowcvei, inoie data aie needed on the late of pioduction and le 
lease ot tlie en/yme into the blood, and its meclianism of e^ciction in the 
1111110 ’ ’ beloie such an liypotliesis mav be considcicd to bo sccuielt giouiided 
The increase in RNase activity does not seem to be a consequence of uieinia 
Aside fiom the behavior of plasma RNase in the cases ot estrarenal uremia ic 
poited hetc, this is borne out by experiments in dogs, m which uretciovenous 
anastomosis was perfoimed, under these conditions, small vaiiations in seium 
RNase weie found, in spite of a NPN retention similar to that of bincphree 
tomized animals ® 

iluch moie espeiience with the mctliod on moie extensive clinical ma 
teiial IS necessary befoie its possibilities as a diagnostic oi piognostic tool may 
he evaluated * 


SUMM \R\ 

Plasma RNase was estimated iii blood samples of human subjects contain 
mg normal and high concentrations of uiea "Maiked incieases in the plasma 
RNase weie found coincident with a higli urea conceiitiation in patients with 
kidiiev impaumeiit No stiiet conclation was found, however, in diffeient 
patients, between blood urea levels and plasma RNase activities 


The adMce a^id faeahties proMded by Drs 3 B Magaldi, I Isussenzveig, \ Cardoso, 
and W T Beraldo and the technical assistance of Mrs AI C Cosentmo aie gratefulh 
acknoivledged The blood urea determinations were performed by the staff of the Central 
Laboi'itor\, Hospital das Chnicas 


• Vfter tins paper iias prepared for publication our attention was called to the A\ork 
of J C Houck and L B Berman (J Appl Physiol 13 473 it6 1958) nho reported an 

increase in serum RNase activity m acute renal failure these authors also presented data 
supporting a correlation betueen the white blood cell count and serum RNase actniti 
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them by the same \\ater loading piotocol as used in the uoinial subjects. At the end of the 
contiol peiiod, the jiatients with diabetes mellitus weie gueii 30 and 40 units of HGF iiibulin 
intravenously. 

The one patient luth diabetes insipidus was lespoiisiie to aqueous Pitressin, and this 
diug Iiad been witliheld foi a 3 day period immediately preceding the study. He was not 
given a water load, and received 0 30 unit HGF insulin per kilogram of body weight after 
Control measurements were obtained. 

All normal subjects and the patient with diabetes insipidus received glucose in the 
maintenance inulin infusion in ordoi to pi event the development of hypoglycemia. 

Inulin determinations were peifoimed using Schreiner’s modihcation of the lesorcinol 
method 3 Nelson’s adaptation of the Somogyi method was used to deteimine blood glucose 
concentrations.!* 



Fig: 1 —Diagram comparing the rate of urine flow m normal subjects who received 
insulin and in normal subjects ■who received insulin and alcohol intra\enously The abcissa 
denotes the time interval following insulin administration Urine flows charted at zero time 
represent the means of the control values 


RESULTS 

Control urine flows ranged from 8 to 13 ml per minute in the normal 
subjects who did not receive alcohol and varied from 9 to 16 ml. per minute in 
the normal subjects who did receive alcohol Insulin consistently produced an 
antidiuresis in the normal subjects who did not receive alcohol This antidiuresis 
was associated with an increase of the urine specific gravitj" and occuried with¬ 
out a change in glomerular filtration rate Alcohol administered prior to insulin 
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adnumstiatioii paitially iiiliibitcd the de\clopinent of autidiuiesis (Fig 1) 
In noimal subjects who leceucd onlj'- insulin, tiic rate of uiine flow 75 niiiiiites 
after insulin administiation was 01 to 16 ml pei inimitc In tliose noimal 
subjects who lecened both insulin and alLohol, the lange of mine flows ob 
tamed 75 minutes aftei insulin administiation weic 7 3 to 11 ml pei minute 
Attei insulin administration in the two patients with diabetes mellitus, 
aiitidiiucsis was delajed until the disappeaiance of glucosmia 90 and 120 
minutes latei None oi the otlici subjects csaiiniied Jiad glucosiiiia at an> time 
dm mg the experiment 

Administiation of insuliu to the patient with diabetes insipidus pioduccd 
no change in uime flow oi uiiiie specific giavity (sp gi = 1 001) His contiol 
lates of mine flow' wcie 6 7, G 2, and 6 8 ml pei minute Consecutne 15 minute 
collections aftei administiation of insulin icvealed uime flows of 0 7, 7 2, 7 8, 
8 3, and 8 5 ml per minute, respectn cly 

DISCUSSION 

The failuie of insulin to cause antidiuicsis in a subject with diabetes 
insipidus lesponsue to Piticssin does not suppoit the concept that msulm 
produces antidiuiesis b> a diiect eftcct upon a lenal tubulai mechanism con 
ceiiied with watei reabsoiiition Alcohol lepoitedly inhibits the lelcaso of ADII 
fiom the posteiioi pituitai) ■* The abihlj of alcohol to inhibit the antidimetic 
lesponsc to msulm in noimal subjects suggests that the antidimcsis caused by 
insulin administiation is mediated tliiougli the action of ADH 

The inhibition of msulm antidiuiesis by glutosuria (osmotic diiuesis) in 
two subjects with diabetes mellitus is in keeping with this hypothesis 

It thus appeals tliat the antidiuiesis resulting fiom the administiation of 
commeicially available msulm ma> be mediated tbiough tlie lelease of anti 
diuretic hoimone 

SUMMARY 

The antidiuiesis in icsponsc to commciciall> available msulm is again 
confiimcd The failme of msulm to produce antidiuiesis m a patient with 
diabetes iiibipidus and the inhibition of insulin antidiuiesis in noimal subjects 
h} the administiation of alcohol suggest that insulin antidiuiesis is mediated 
through the action of ADII, and is not due to a specific effect of msulm upon 
the renal tubule 
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EEIsTAL FACTORS RESPONSIBLE FOR THE HYPERMAGNESEMIA OP 

RENAL DISEASE 

Roscoe R. Robixsox, M.D.,’=' Herschel V. Murdaugh, Jr., M.D.,*''' axd 

Erxst Peschel, jM.D. 

Durham, N. C. 

F ew data are available describing the renal mechanisms of magnesium ex¬ 
cretion either in normal man or in patients with renal disease. It is thought 
that magnesium is excreted in the urine of mammals as the net result of glo¬ 
merular filtratioia and tubular reabsorption.^ In addition, various authors have 
suspected that, as with potassium, tubular seeretioji of magnesium may occur.-'^ 
Efforts to document the occurrence of tubular secretion have thus far been im- 
suecessful.^'° 

It has been recognized for some time that many individuals with kidney 
disease may demonstrate hypermagnesemia at some point in the course of theii- 
disease.^’ ® It has also been shown that the serum magnesium may be normal or 
low in such patients.' Thus far, no attempts have been made to compare the 
elevation of total serum magnesium with quantitative mea.surement of the 
changes in renal function ^vhieh occur in patients with vai’ious t.ypes of renal 
disease. It was decided to determine Avhether any relationship existed between 
the total serum magnesium concentration and the degree of impairment of the 
gloinerular filtration rate in individuals with renal disease. 

ilATOKIALS AXD METHODS 

Eighteen men between the ages of 34 and 68 were studied. Their filtration rates 
varied between 9.0 to 93.0 ml. per minute and thus covered a ivide range of impaired 
reual function in patients with kidney disease. !Most of the subjects had either chronic 
pyelonephritis, chronic glomerulonephritis, or benign nephrosclerosis associated with 
hj'pertensive vascular disease. All patients received either regular hospital diets or diets 
that were restricted in sodium and/or protein according to the therapeutic demands of 
their illnesses. iXone received either abnormally high intakes of magnesium or any iiiedi- 
catioii known to alter the serum magnesium concentration. 

All studies weie performed in the forenoon while the subjects weie in the fasting, 
supine state. An adequate urine flow was obtained by the oial ingestion of 800 to 1,000 
ml. of water approximately 30 to 60 minutes prior to beginning the study. Urine wms 
collected by an indwelling catheter at interials of 10 to 20 minutes. The bladder was 
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washed with 60 ml of normal salmt and 40 ml of nr at the end of each uniic collection 
period Venous blood was drawn without stasis througli an indwelling No 18 Cournand 
arterial tjpe needle into lieparuiized sjrmgts at approximately the midpoint of each uriiu 
collection period The blood samples weic then ctntrifugcd, md the plasma was with 
drawn for the determination of luului and ni igiicsium concentrations 

The filtration rate was measured by the iiiulin cle irauce The inulin was adminis 
tcred at a constant rite b\ a Bowman constant infusion jiump following an initial prim 
ing do'C The resorcinol method of Roe and is-oci itcs is niodihcd by fechitincr» w is used 
for the dctenuination of inuhn in unycasted iirino iiid cadmium sulfate filtrates of 
pi isma delay tune ot J 5 minutes was illowcd m tlit eilculition of the iiuilin clear 
aucc 

Total soium magiiesuim eoiieentiation w ij» determined m the tricliloio icctic icid 
filtrate of plasma using a ininoi niodi/ieatiofi of the titan yellow method described by 
Garner 10 T-lie norm il lange in oui labor itor\ as est iblislicd 1)> me isiircments in idc on 
39 normal subjects is 1 7 to 2 2 niEq per liter (mean 1 93 i S D 0 25 mEq pei hter) No 
estimation of the amount of protein bound magnesium was made Duplicate or trip 
hcate determinations^ performed on the same simple were reijuired to agre^ within ± 
0 15 mEq per liter 

Each series of obserx itioiis on any one patient consisted of it least 4 eon&ecutxve 
unuQ collection periods 
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10 

3 10 

C B 

5S 



2 82 

M B 

04 


23 

2 02 

C K 

44 

» I 

27 

2 07 

ir M 

47 

Chronic pycloncphtids 

30 

2 11 

b Y 

35 

Benign nephrosclerosis 

41 

2 00 

F H 

30 

Acute glonieiulonephritis 

59 

1 50 

J ^V 

34 

Veute glomcruIonepliTitis 

60 

1 04 

Z J 

08 

Chronic pycloiiephiitis, congestiie he lit 
failure 

63 

2 12 

C S 

01 

Benign nephrosclerosis 

71 

2 07 

P V 

03 

Chronic pyelonephritis 

72 

2 05 

M n 

36 

Obstructue uropathy 

72 

1 32 

T K 

38 

Benign nephrosclerosis 

73 

1 80 

T Ki 

41 

Benign nexdirosclcrosis 

80 

2 10 

E \\ 

33 

Aliti il stenosis, liiotciiu i 

84 

2 17 

0 11 

IS 

Vent iiilonephntis ‘•iilisidifig 

9} 

3 91 


•IlcceUmg oral chlorothiazide 0 5 to 10 Giu dail> 


UEbULTS 

TJie lesults aie sumuiaiized in tabulai foim in Table I AJl xaliies foi 
filtiatioii late lepiesent the means of at least 3 consecutne iiriiiQ collection 
])eiiods Snmlaily, the stium magiiesuim coiueiitidtions icpiesent the means of 
tlic deteiminatioiis peiloimed on the blood StUnplLs diawn at appioximatoly 
the midpoint of each iiinm collection 2 >eiiod Without exception, {he total 
seiuni magnesium conceutiation did not exceed the noimal laiigc of 17 to 
2 2 mUq pei Iitei until the tiltialioii latc was leducecl to appioximatelv 30 
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nil. per mimite or below. At that point, with only one exception, the serum 
magnesium rose to well above the upper limits of normal as determined in our 
laboratory (2.2 niEq. per liter). The one patient whose serum magnesium re¬ 
mained within normal limits despite a reduction in filtration rate below 30 ml. 
per minute had been receiving daily doses of chlorothiazide prior to the study. 

DISCUSSION 

Eenal mechanisms for the excretion of magnesium must play an important 
role in regulating the plasma magnesium level. It can be seen from the above 
data that the occurrence of hj^permagnesemia in renal disease is closely related 
to the degree of reduction in filtration rate. When the filtration rate was re¬ 
duced to (or below) 30 ml. per minute, all values for serum magnesium were 
consistently elevated with but one exception. Similar observations have been 
made in relation to the rise of serum phosphorus which occurs in renal failure.*^ 
Recentlj', Hamniarsten and Smith*- reported a positive correlation between the 
rise of serum magnesium and the increase in nonprotein nitrogen whieh occurs 
in patients with renal disease. Their data, as well as ours, would support the 
concept that one of the most impoi-tant vai-iables determining the renal excretion 
of magnesium is the glomerular filtration rate. In normal man, probably not 
more than 8 to 10 per cent of the filtered load of ionized magnesium is excreted 
in the urine per 24 hours. With a reduction in the filtered load of magnesium 
as in renal disease, less magnesium is available for excretion in the urine, and 
the serum concentration rises. This would be particularly true if either the 
tubular reabsorptive mechanisms remained intact or if passive back-diffusion 
occurred through damaged tubule cells. Since no partition of the total serum 
magnesium was done, it is impossible to state whether or not the increase of 
serum magnesium is primarily of the ionized component. Other data indicate 
that such is the ease in uremia.*^ Excluding the possibilit}" of the filtration of 
protein-bound magnesium through damaged glomeruli, this would seem a reason¬ 
able observation since a redaction in filtration rate is closely related to the rise 
of serum magnesium. The present data certainly pj’ovide no information as to 
whether or not tubular secretion of magnesium may occur, but would indicate 
that if such a mechanism does exist that it is cpiantitatively unable to maintain 
a normal serum, magnesium level in the presence of a fall in filtration rate to 
30 ml. per minute. 

Our observations also provide an explanation for the eouflieting data in 
the literature as to whether the total serum concentration of magnesium is high, 
normal, or low, in patients with renal disease. Since quantitative changes in 
renal function studies had not been related to the sei’um magnesium concen¬ 
tration in these previouslj^ reported cases, it seems probable that the normal or 
low serum magnesium values were found in patients with filtration rates higher 
than 30 ml. per minute. 

Under certain conditions, the serum magnesium may be normal despite 
a reduction in filtration rate to 30 ml. per minute or below. Our patient (>S. M.) 
had been receiving 0,5 to 1.0 Om. of oral chlorothiazide daily for S to 10 days 
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piioi to the sUid\ peiiod Theie is some CMdeiice tint chloiothiazido ma^ in 
ciease the unnaiv e\cietion ot inagiKMum m noun il man Such a dnig action 
could be lespoiisible foi the noimal seium magnesium m this patient Infoitu 
natelj, caie£ul studies as to the effect of chloiothiazide on the uimau e\cietion 
and senini coiicentiation ot inagntsium wtie not Itasible in this patient Othei 
diaig and/oi dietai 7 » factoi’s which .iffect the stnini lei cl of niaguesium must be 
consideied in addition to the possible effects of eliloiothiazidc It has been pie 
iioush shown that the intiaienous infusion ot calcium salts in dogs lesiilts in 
an mciease in the uiiuaix c\cietiou of uiagiusium’ Otliet data suggest that 
peihaps the fall of seium magnesium in patients with noiinal lenal function 
following the intra\enous administiation ot calcium gluconate is due to the 
mo\emeiit of evtiacelliilai magnesium into the iiitiacellulai compaitment oi 
bone, and not due to an incicase in the uiinaij e^cietioii of magnesium It 
docs not seem likeh that patients with ffUiatioii lates of 30 ml pei minute, oi 
lowei, would ingest a diet containing such small amoimts of magnesium a5 to 
Jesuit 111 depiession of the senim \aluc On the othei’ hand, conditions of mag 
nesium loading might raise the seium lc^el in patients with filtiation lates 
highei than 30 ml per imnutc Excluding such dimg oi dietan tactois, a use 
111 the total serum magnesium concentiation in subjects with lenal disease is 
lelated to the magnitude ot fall in filtiation rate 

SUMM \U\ 

1 .Siniultaneoas deteiminations oi filtration late and total serum mag 
iiesium conceutiatiou weie done on 18 men with \auous t\pes of lenal disease 

2 'With one exception, all patients with filtiation latcs less than 30 ml pei 
minute exhibited a dcstinct use m the total seium coneintiation ot magnesium 
abo\e nonnal ^aIues 

3 One patient lecenmg eliloiothiaznU had a noimal seium magnesium hwel 
111 the piesence of a fall in filtiation latc to below 30 ml pei minute 

himeiiiTignesemin of lon.il di*;oTsp is closeli lelntod to the 
degree of leductio n in glomeuilai filtiation rat e 

IVe would like to ejspress our appreciation to Mrs Eleanor Dojie, Mrs Frances 
Rogers, and Mrs Duncan Lems for their technical assistance 
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STlilULATIOX OF GASTRIC PEPSIN SECRETION IN .MAX 
BY HYPERVENTILATION .VXD BY DIA.VION 

B. I. Hirschowitz, il.D.,** J. A. Loxiios, M.D., .vkd II. S. \Viggii;s, Ph.D. 
Ann Arbor, 

I N ATTEilPTlNG to interfeic •with the carbonic anhydi'a&e mcchanibin of 
gastric hccrctioiP - in man, tlic effects ot hyperventilation, to reduce the 
GOa supply, weio contiasted to tlic eitects of inliiliitioii of the enzyme itselt by 
Diamox. Botli Jiypeneiitilatiou'* and Diainox^ ‘ Jia\c been slioivii pieviously to 
reduce the secietion ot lijdtogen ions, but none of tlie repoited studies liavc 
described any incasuiemeiits ot tlie effects on otlier constituents of gastric secre¬ 
tions. Tins .study lopoits tlic effects of li\pcr\cntilation and of Diamox on H, 
Cl, Na, K, pepsin, and protein in the gastric juice. Both caused only modest 
decieases iii acid secietion, but pioduccd highly significant increases in pepsin 
secretion The lepoit deals with attempts, so iav unsuccessful, to identify the 
mechanism of stimulation of pepsin secietion by either liyperventilation or by 
Diamox. 


MKTHODS 

laludies «ero peiforinod on 14 fasting subject", coinprisiug 7 uoiin.il stuilenl", 1 
\a('otoiuizuil mciL with otherwLao intact stomachs, ami o patietiu \Mth peptic ulceration 
(~ gastric anil 3 duodenal). Jt^xperinieiits ucro dune uitlicr in the b.i"al state or during 
the mtravc’iious infusion of 400 ^g Inst uninu base per hour, gnen as described clscuhere.o 
After a reasonablj constant rate of secretion was found for 3 consecutive 15 minute 
periods, voluntarj lijperceutilatioii was performed for 15 or 30 minutes in 20 experiments 
All subjects had tingling of the extremities at least and most exlubitcd Chcostek's sign; 
scxeral also had caipopedal spasm. 

Diamox (2 ucetjlamino I, 3, 4 tliiadia/olc 5 sultoiiamidc) was injected intra\ enousl\ 
ill 5 subjects lu doses of from 20 to 75 mg, per kilogram of body weight in 15 to SO 
minutes,* 3 were injected during Itist.'iiiiiiic iiitusiun and 2 while in the basal state 

Gastric juico was collected through t. Luvtii tube bj constant suction, supiilementcil 
at 15 minute inteiials by hand suction, with a sj tinge to complete consecutiio 15 mmulc 
"amplcs; these were .issaycd for free it* ion (end point pH 3.3), total chloride conccutra 
tion, and pepsin comentratiou by iiielliods prenously desciibed,'* as well as for N.i* and 
K* coucentiatioii bj dame pliotometii; pruteiu conccntiatioiis were measuicd with the 
biuret leageiit. Foioanu \enous blood was collected without stasis m liepaiini/ed "iriiiges 
and tho pH measured immediately in 17 hyperventilation experiments. 

From the Depailment of Internal Medicine, Um\ei»ity of Michisan Medical Scliool, Uni- 
lersity Hospital, Ann Arbor, Midi 

Supported by Grant R.G 12980 from tho United Stales Public HealUi Seriice 
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•Piescnt Address: Department of Internal Medicine. University of Alabama School of 
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RESULTS 

Hyperventilation .— 

During histamine infusion: The effects of hyperventilation on the steady- 
state maximal secretion during histamine infusion was studied in 9 experiments 
on 7 subjects (Table I). Fifteen minutes of hyperventilation pi'oduced a 
highly significant prompt increase (p < 0.005) in concentration and output 
of pepsin and protein in the gastric juice, and a modest, although probably 
significant (p < 0.05) drop in H ion concentration. The output of Na+ in¬ 
creased but this was probably not statistically significant (p = 0.05). These 
effects persisted for 15 minutes after the cud of the hyperventilation. No .sig¬ 
nificant effects on volume, on chloride, or potassium were observed. Volume 
increased in 2 or 3 subjects, but identical changes in composition of the juice 
occurred and were as marked in the others who had no changes in volume 
secretion. 


Table I. Effect or Hyperventilation for 15 AIinutes During Continuous Histajiine 
Infusion on A’'oluiie and Composition op Gastric Juice in 9 Studies 
(Means ± S.E.M.) 


PERIOD 

JIIN- 

UTES 

VOLUME 

(ML./ 

15 MIN.t 

P.U./ML. 

PROTEIN 
(MG. %) 






-30 

57.4 + 9.9 

1,410 

310 

117 ±5.9 

13 

18.1 

156 

Control 



+ 201 

+ 25 


±2.3 

±0.6 

±3.3 


-15 

50.0 ± 5.0 

1,223 

310 

127 ± 5.0 

12 

18.0 

162 




± 135 

±40 


±2.4 

±0.7 

±4.4 

Hyperven- 

15 

66.2 ± 9.3 

2,162* 

534t 

112±4.5t 

16 

18 

155 

tilation 



± 240 

±48 


± 1.9 

±0.9 

±3.6 


30 

56 ± 5.6 

1,7651 

4441 

113±6.3t 

16 

17.5 

156 

Recovery 



+ 204 

± 63 


±2.1 

±0.9 

±4.0 


45 

55 + 6.2 

1,390 

398 

121 

15 

16.8 

157 




±171 

±74 

±3.7 

± 2.2 

±0.7 

± 3.6 

P.U. = 

pepsin units. 







»P<0.0O.T ; by 

“t” test sig-nlflcance of difference of mean from mean control - 

15 minutes. 

tP<0.001. 








tP<0.05. 








Table II. 

Effect op 30-Minute Hyperventilation During Dasal Secretion on AIolujie 


AND Composition of Gastric Juice in 2 Subjects (Mean 

AIALUES) 




VOEUME 








MIN- 

(ML./ 


PROTEIN 

11* 

Na* 

K* 

Cl- 

PERIOD 

UTES 

15 MIN.) 

P.U./ML. 

(MG. %) 

(inEq./L.) 

(inEq./L.) 

(niEq./L.) 

(inEq./L.i 

Control 

-30 

28 

1,150 

750 

39 

oS 

15.0 

122 


-15 

28 

1,080 

750 

43 

58 

14.0 

130 

Hyperven- 

15 

45 

2,255 

620 

45 

62 

14.0 

129 

tilation 

30 

30 

2,560 

1,030 

62 

44 

15.5 

135 

Recovery 

45 

46 

1,675 

880 

68 

44 

14.8 

138 


60 

26 

1,480 

525 

81 

31 

14.4 

143 


In the hasal state (Table II): In 2 subjects, hyperventilation for 30 min¬ 
utes produced the .same .striking pepsin increases during the first 15 minutes 
in the hasal state as during histamine infusion. The IP concentration, how¬ 
ever, did not fall and in fact started rising during the second 15-minute period 
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and continued to increase after that, accompanied by an increase in chloride 
concentration and a concomitant fall in sodium concentration. Potassium 
was unaffected. The stimulation of petwiu secretion was therefore quicker 
and out of proportion to the stimulation of acid secretion. 

Thirty-miimte HyiwuentUalion .—^Two successive 15-minute periods of 
hyperventilation were performed by 5 subjects, 3 during histamine and 2 in 
the basal state. In one basal and one histamine study, the plateau of pepsin 
concentration was reached in the first period; in the other 3, the pepsin con¬ 
centration continued to rise in the second period and in 3 subjects reached 
levels not seen even in hypoglycemic or any other type of stimulation. 
For the 5 subjects the mean concentrations for 6 successive 15-minntc periods 
(2 control, 2 hypen'entilation, and 2 after) were 1,630, 1,400, 2,682, 3,250, 
2,062, and 1,572 pepsin units per milliliter, respectively. 

Other e.vpcriments were done to investig:itc possible mechanisms whereby 
hyperventilation might produce these cifeets on pepsin and protein secretion. 

Cholinergic Pathways .— 

Central cholinergic (vagal): Two patients, who had been vagotomized 1 
and 5 years before, respectively, and who had intact stomachs wore studied. 
The completeness of vagal section in both was confirmed by insulin hypo¬ 
glycemia, which in neither produced any stimulation of gastric secretion 
within an hour of adequate hypoglycemia (true blood glucose less than 40 
mg. per cent). 


TABI.B III. ErrscT or 13 -Misute IIvrEUVENTitATioN Dlt.ino Histauike Infusion in 
Vaooiomizeo .Subjects (Mean of 3 Expeeiuents) 

(Note: Delaveb Increase in Pepsin Concentration) 


PERIOD 

MI-N-' 

UTES 

VOLUME 
(ML./ 1 
15 MIN.) 

P.U./ML. 

I'llOTEiN 
(MG. %) 

11- 

(mEq./L.)' 

Na‘ 

(inEq./L.) 

K* i 

(mEq./L.) 

ci- 

(mEq./L.) 

Control 

-30 

22 

1,570 

_ 

02 

36 

16.7 

123 


-15 

20 

1,432 

- 

02 

30 

16.7 

115 

Ilypervea* 

tilation 

15 

31 

1,6G7 

- 

07 

35 

14.1 

123 

Rcco\cry 

30 

21 

2,187 

_ 

64 

44 

13.3 

128 


45 

28 

1,350 

- 

67 

42 

12.5 

125 


Three hyperventilation studies were carried out during subsequent his¬ 
tamine infiEsion (Table III) and in both subjects a well-marked increase in 
pepsin secretion was noted. The response differed somewhat from the normal 
subjects in that the acid concentration did not fall and the maximal con¬ 
centrations of pepsin were found in the 15-minute period after hyperventila¬ 
tion. In no instance was this the ease in the intact subjects where the ma.x- 
imal increases ahvays occurred during the hyperventilation. 

Peripheral choluiergic mechanism; In 3 subjects with intact stomachs a 
dose of atropine was determined which would prevent hypoglycemic stimu¬ 
lation of gastric secretion (between 1.0 and 1.5 mg. of atropine sulfate intra¬ 
venously). These doses of atropine were given during subsequent histamine 
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infusions and as will be seen eoiuparing Tables I and IV, atropine under 
these conditions decreased volume as well as the pepsin, protein, and potas- 
siinn concentrations. These effects of atropine la.st for at least an liour. 
Hyperventilation during these 3 studies produced a fall in IV concentration 
and a rise in sodium, pepsin, and protein concentrations (Table iV) as was the 
ease without atropine (Table I). The increase in pepsin and protein persisted 
at a high level in the post ventilation period, thus resembling the response in 
the vagotomized subjects. 


T.cbi.e IV. Kffect op 15-Mixute Hypcrvextiiatiox op 3 Atropixized Subjects Dukixo 

IIISTA^[IXE IXPCSIOX (MeAXS) 


PERIOD : 

MIX- 1 
UTES ' 

1 VOI.U.ME 1 1 

(ML./ 1 

1 15 MIX.l 1 P.L’./ML. 

PROTEIN 

1 (mg. 

H- 

(inEq./L.) 

Na’- 

(niEq./L.) 

1 

I (niEq./L.) 

ci- 

1 (niEq./L.) 

Control 

-30 

49 

780 

195 

123 

16.7 

12.7 

155 


-15 

29 

030 

190 

125 

15.3 

12.0 

152 

Hyperven¬ 

tilation 

15 

36 

1,373 

410 

109 

21.3 

, 11.8 

150 

Recovery 

30 

42 

1.307 

390 

104 

31.3 

12.8 

153 


Noncliolinergic Mechanisms .— 

Possible deionization of calcium: The possibility of preventing the effects 
of hyperventilation by concomitant calcium administration was studied in two 
subjects, who were hyperventilated on 3 occasions during histamine infusion 
and were found to give the tjTiical normal response as seen in Table I. During 
a subsequent period of hyperventilation in the same study, 30 ml. of 10 per 
cent calcium gluconate was injected intravenously. One subject had tetany 
during hyperventilation whether calcium was injected or not; the other had 
tetany %vithout calcium but no tetany with calcium. Pepsin secretion in¬ 
creased to an extent not significantly different from that seen without calcium 
injections. 

Changes in Blood pH .— 

By hyperventilation: Following hyperventilation the pH of the blood rose 
by 0.07 to 0.30 pll (mean 0.156) unit in all experiments except in one, where 
the level remained unchanged at pH 7.68. There was no correlation between 
blood pH and the concentration of pepsin in the gastric juice (r = +0.26) 
(Fig. 1), both apparently increasing independently of the other during hyper¬ 
ventilation. It will be seen that even before hyperventilation the blood pH 
was above normal, the result of the removal of secreted gastric acid. The 
increase in pH with hyperventilation was not correlated with the fall in H+ 
concentration which occurred. 

By infusion of bicarbonate (Table Y): In 3 of the subjects in whom 
hyperventilation had produced typical changes in gastric juice composition, 
an attempt Avas made to reproduce the alkalosis by rapidly infusing intra¬ 
venously 5.6 per cent sodium bicarbonate, during established I.V. histamine 
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slniiii) ition 'llie " subiects icctucil J80, 200 ind >30 ml of this solution 
(119, IJd 111(1 2n mri) oi hisc), lospcptiK-ls lu 13 minutes Tii (>icli the 
hloml ]iir losi hj 0 1 pll unit oi moic, iiul tlu lust had ttt iiij None of tin 
(ftects ot Inpcneiitil ition on jnstin sitiction ucic itpiodiiccd in the hicai 
hointc alhulosis A si„mifitaiit (p < 0 005) piogiessne diop in potassium 
couceiitntion in all 3 subji-cts was the onl\ gastiie effect noted 


Blood 

pH 



Fis 1 —BIooil pH and pep‘'m output before (•) and after (O) h>per\entil'ition ihou ng 
Hck of coriclntion 


Tvnif 5 hiiECT op Intpusnols lytvsio's ot 5t) Per Ce\t NallCOj DURi\o Co'^tiMoi s 
Hi&tuiine Infusion in d StcjEcrrs 


1 LBIOD 

MIN 

UTfcS 

VOLUME 
(ML/ 
1j min ) 

I U/MI 

II OTfcIN 
(Mr f/f) 

H 

(mlq/L ) 

Na 

(nil q /L ) 

Iv i 

(inhq/l > 

Cl 

(lilq/L ) 

Control 


08 

12 0 

J 0 

122 

10 

19 3 

laS 


-30 

-8 

1 603 

4j0 

12o 

14 

20 0 

160 


-1) 

68 

1270 330 136 >0 

Bicarbonate Infunoi m lo iltnutcs 

17 7 

158 


15 

t>6 

1 340 

>60 

113 

21 

16 0 

la2 


30 

6j 

I j»3 

3_0 

123 

21 

lo3 

la4 



60 

1 olO 

26a 

126 

la 

16 0 

li" 


GO 

48 

1 370 

320 

132 

11 

15 " 

la 


Plasma Pepsinogen —an mcidciitil observation in 2 subjects in whom 
an adequate pepsin protein lesponsc to hypei ventilation ^\as obseiwed no 
change oecuiied in the eoncentiation of pepsinogen in the plasma It 
not measuied in the othci subjects This suggests that the peptic cell does 
not de\elop a nonspecific inciease m pcimeability to piotein as a lesult of 
hypei ventilation 
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The nature of the iJCiimi met ease Fig 2 sliows the conceutiation of pop 
sm during lijTierr eiitilatioii m all the studies, jilotted against the coiieentra 
tion m the preceding 15 minute peuod It includes the fire 30 minute studie 
in ivliich the pepsin concentiation in tlit second 15 minute peiiod is plottci 
against that m the first The con elation is positnc, linear, and highly signifi 
cant (i =+ 0796, p < 0001) A sniiihi signifieint (i = +0792) conelatio 
Mas found betueen the output ot pepsin befoie and duiiiig hypejnentilatioii 
In 17 studies wheie the protein coiiceiitiation nas measured, a siniilai positia 
linear coiielatioii nas found (Pig 3) (i = + 0 776, p < 0 001) 

The incicasc m piotein is piobahlj accounted foi by the incicase m pep 
sin concentiation, as suggested by the mc.in concentiation of pepsin pel null 
glam of piotcin These are 454, 397 (liypciiciitilitioii), 404, 3 98, and 34 
piotcin units pci inilligiain for the icspcctne 15 minute pciiods in the hista 
nunc studies In the iiidisidual cases, honesci, the i.itio of pepsin to piotei 
is not as constant as it is toi the nliole gioiip No attempt has been made t 
detoiniine more exactly the specific potential peptic actnitj of the piotcin i 
the gastiio juice 


Table 11 irrECTS or Dusiov Dtiaixo Costisuous IIistuiine Isicsios os Gisri ic Ji ir 
7 OLUiiE ISO CoMiosiTios (Mtcss S B V ) 


1 

1 

1 El 101) j 

\Of UMf 
(Mf / 

30 MIN ) 

1 U/ML , 

(mFq/J )| 

Nil* 

CmPq/L )| 

h 

(mUq/L )| 

Cl 

(niEq /L 

Mean 2 liour control 

(n 20) 

81 3ill 8 

1,132+ "4 75 9+ 7 3 

Diamox Inttaieno is 

24 0 +2 4 

10 57 + 0 34 

127+ 7 

Poat Diamox 30 uiumtes 
(n = 10)* 

82 2 i 19 9 3,233 i 82 

80 3+ 11 7 

24 2 + 2 0 

34 2 + 0 4S 

120+10 

Po&t Dianiox 00 minutes 

Cj 6 + 11 0 1 477+ 87 

725 + 103 

31 1±2 7 

13 0 049 

125 + 9 

Post Diamox 90 minutes 

64 8iJ5 1 

1 o52±328 

5o 9 + 13 8 

413 + 35 

11 S + 042 

328+ 7 

Post Diamox 120 minutes 

00 0+14 1 

1 007 + 309 

63 { 12 0 

44 1 + 7 2 

11 3 + 0 '^5 

128+ 6 


*n = Number ot samples 


The Effects of Diamox —^Diamo\ m a total dosage of 12 to 3 75 6ni (20 t 
75 mg’ pel kilogram of body \\eiglit) ^\as gnen intia\cnousIy to 3 subjects du 
ing histamine infusion and to 2 ofheis duung basal seciction Ihe elfcci 
were essentially similai and arc combined in Table VI Ihe ieduction in hot 
volume and in acid concentration each not quite significant statistical!^ 
lesulted in a maiked reduction m the calculated output of acid folloviiig tli 
injection of Dnmo\ The chloiidc tonccntiation howc^ei icmained ui 
changed, the fall in potassium concentiation was lughlj significant as w* 
the rise in sodium concentiation Tlie sum of cations like the concentratio 
of chloride lemains unchanged aftci Diano\ The concentiation of pepsi 
increased significantly and continued to use steadily up to 2 to 3 houis aftc 
the Diamo\ injection 

DISCUbSION 

V?’ith the piesent state of knowledge of pepsinogen sccietion^® it is ik 
possible to inteipiet the gastiic juice pepsin meieases following h>pei\ent 
lation 01 Diamo\ in terms of mechanisms 
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It would seem probably that hyijeiweiitilatioii exerts its effect on pepsin 
secretion neither through the vagus nor through local cholinergic mechanisms, 
and, furthermore, that the effects are probably not due to an alteration of 
blood pH per se nor to altered cell permeability to pepsinogen. The role of 
calcium deionization has not been fully evaluated if, in fact, such deionization 
occurs with hyperventilation.® The possible role of increased gastric motility, 
which occurs after hyperventilation,'-’ has not been evaluated, but it is diffi¬ 
cult to see how such changes in motilitj' could be concerned with an increase 
in pepsin secretion. Furthermore, the persistence of increased pepsin and 
protein secretion suggests that the mechanical act of hyperventilation as such 
has no direct effect on pepsin secretion. 'Whatever the mechanisms, however, 
they appear to act independently of the known pathways of stinudation of 
pei)sin secretion in man, where both acid and peijsin secretion are simulta¬ 
neously stimulated’" bj' the known stimulants. 

The changes in hydrogen ion which occurred with both hyperventilation 
and with Diamox might be interpreted in terms of the carbonic anhydrase 
mechanisms thought to be responsible for the supply of hydrogen ions to the 
secreting mucosa. These occuri'cd without significant changes in chloride 
concentrations, and arc similar to the dissociation of H and Cl which occurs 
when an electric current is passed from mucosa to serosa, opposite in direction 
to the normal mucosal electromotive force.’ 

SUMMARY 

In 25 studies on 14 subjects voluntary hyperventilation for 15 to 30 min¬ 
utes invariably caused a very significant increase in the concentration and 
output of pepsin in the gastric juice. This occurred whether hyperventilation 
was performed during continuous histamine infusion, in the basal state, fol¬ 
lowing complete vagotomy, or during adequate atropinization. It could not 
l)e reproduced by equivalent alkalosis produced by mtravenous NaHCOs in¬ 
fusion. The effect persisted for 15 minutes after the cessation of hyperventi¬ 
lation. The mechanisms of this response have not been elucidated and appear 
to involve none of the known pathways for stimulation of pepsin secretion. 
Hiamox given inti-avenously also increased the secretion of pepsin. 

The effects of hyperventilation and of Diamox- on gastric juice volume 
and hydrogen ion, sodium, potassium, chloride, and protein concentrations 
reported in the paper shed no further light on the mechanisms of pepsin 
stimulation. 
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COilPARATIVE TOLERANCE TO POISONS OF NORMAL LIVER 
TISSUE AND REGENERATED LIVER TISSUE 
AFTER MAJOR HEPATECTOMY 

Abdol H. Islami, M.D., George T. Pack, M.D., F.A.C.S., and 
John C. Hubbard, M,D. 

New York, N. Y. 

A fter the surgical removal of 70 per cent or more of the liver in human 
beings and dogs, sustenance of life is dependent on the ability of the 
normal residual remnant plus its regenerated component to carry out the 
vital functions commonly attributed to this organ. Its ability to do so has 
been proved by clinical experience and expeilmental laboratory investigations. 
The entire right lobe of the human liver is being resected ^vith increasing 
frequency for such indications as primary malignant tumors (hepatoma, 
cholangiocarcinoma, and somatic sarcoma, unilobar metastases, cancer of the 
gall bladder, and occasional benign tumors. Th.e right lobe consists of 80 
per cent of the weight of the human liver, yet it now is feasible and relatively 
safe to perform total right hepatic lobectomy by the controlled hemostatic 
procedure of preliminary ligation and severance of the right hepatic duct, 
the right hepatic artery, and the right branch of the poi’tal vein prior to 
transection of the intezlobar septiun. A residual 20 per cent of the liver sub¬ 
stance is enough for the maintenance of life if the subject is an othenvise 
normally functioning organism. The tested liver functions are minimally 
distiH’bed by the removal of the human right hepatic lobe except for transient 
hypoproteinemia. 

In our experiments, the rapidity and completeness of liver regeneration 
after subtotal hepatectomy appear to be inversely proportional to the size 
of the animal. In rats, the liver has completely regenerated within 12 to 18 
days after major lobectomies. In dogs the remnant of residual liver after 
70 per cent hepatectomy has grown to the original proportion within 8 weeles 
after the operation. In the human being the process of regenerative hyper¬ 
plasia is not so easily followed beeaxise of the infrequency of “second-look” 
obseiwations and measurements, but we found in two patients, on exploratoiy 

From the Sloan-Ketteringr Institute for Cancer Research, the Gastric Service of the Ale- 
morial Center for Cancer, and the Andrd and Bella Meyer Physiologj' Laboratory, New York, 
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lapiiotomj 2 jeai-s aftei total light hepatic lobectomy, that the left lobe had 
expanded to fill the eiitiie cupola of the diaphiagni, assuming final dimensions 
as gieat, oi gieatei, than the oiigiiial liici 

The minimal deviations from iioiiiiil in the numeious functions of the 
luoi attci total light hepatic lobectomy have been a souice of secuiitv foi the 
patient and ot issiuance to the siiigcoii Not so much is known of the ii 
geneiatcd livei’s toleiance oi adaptation to unusual oi “stiess” conditions 
to which even the normal int let livci is not oidiniiily subjected One such 
function IS the detoxific ition of poisons Wt thought it of inteiest to sec it 
the legcneiatcd livci ot dogs possessed the abilitj to detoxicate caibon tetia 
chloiidc to the same degiee as the noimal intact livei of othci dogs 



l B 

Fig- 1— A, Experimental cirrhosis m dog with intict Ii\er View at lapirotonij of an 
adult mongrel dOb wlilch received -70 ml of carbon tetrachloride over a period of 9 months 
The li%er appears coarsely nodular with a uniform but distributed mottle 1 appearance involv 
ing the entire capsular surface The nodulea range m size downward from 1 cm in diameter 
The User is pale in contrast to the deep red spleen D Experimental cirrhosis in dog alter 
majoi hepatectoniy View at laparotomy of the li\er of a dog which recened carbon tetra 
chloride during a 9 months course The exhibition of the drug was initiated 4 months after 
a "0 per cent partial hepatectoniy The 70 per cent partial hepatectoniy was performed 2 
months after a previous oO per cent hepatectoniy The liver surface was nodulai and tan 
with some patches of reddish hue 


METHODS 

Carbon tetrachloriJe was used as the toxic agent Dogs of equal weight were u^seil 
for tins studj Some dogs had been operated on two months before the experiment started 
and had 70 per cent of their livers removed llie control dogs had no operation and there 
fore their lit ers were intact At the beginning ot the experiment these dogs were weighed 
and carbon tetraclilondo was inserted through an isolated loop of ileum Three milliliters 
of carbon tetrachloride was introduced everj other daj for 3 months Then enteric 
capsules containing 5 ml of carbon tetrachloride were given bj mouth to these dogs 
every other da) for b months Ml dogs were weighed weekly and li\er function tests 
were done each month No special diet was given At the end of the experiment all 
dogs were surgieallj explore! llie peritoneal cavity contained GOO to 1,200 ml of clear, 
jellowish fluid Iho livers of both groups of animals were granular, hard, and yellowish 
Small ^egment3 ot these cirrhotic livers were removed for histologic study 
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Fig. 2.—A, Liver of an adult mongrel dog which had received 270 ml. of carbon tetra¬ 
chloride over a period of 9 months, starting 4 inontlis after a 70 per cent hepatectomy. The 
70 per cent partial hepatectomy was performed 2 months after a 50 per cent partial hepa¬ 
tectomy. This low-power miorophotograph shows extensive fresii hemorrhage in regions of 
necrosis. Significant remnants of residual normal hepatic architecture cannot be identified 
in this section. The sinusoidal patterns are absent. B, Same liver as in A. The liver in 
this biopsy shows acute massive necrosis. In the center of the microphotograph are intact 
surviving parenchymal cells, surrounding vascular channels. There are foci of fresh hemor¬ 
rhage infiltrating the necrotic parenchyma. The sinusoidal channels are not patent. 

BESULTS 

1. The alterations of Iwer function tests in those dogs with regenerated 
livers and the other dogs without partial hepatectomy were essentially the 
same. 

2. The transient hypoproteinemia (hy|ioalbnminemia and hypoglobu- 
linemia) associated with the toxic necrosis was considerably less and was 
restored earlier in the dogs with regenerative hyperplastic livers following 
major hepatectomy than in the control dogs with intact livers. 

3. The weight losses in both groups were somewhat similar, but 7 months 
from the date the experiment started both groups began to gain Aveight, Avhich 
Avas due to ascites as a result of hepatic cirrhosis. 

•4. In the dogs Avhich had no paidial hepatectomy pidor to the adminis¬ 
tration of cai-bon tetrachloride, more fluid Avas noted in the peritoneal cavity 
and the liver Avas firmer and more granular (Pig. 1, A and B). The histo¬ 
logic evidence of the toxic necrosis Avas of apparently equal degree in both 
groups of animals. (See Fig. 2, A, B, C, and D.) 




Fig. 2—Cont’d. C, Biopsy of same liver os in A and Ji, Intermediate inagnlflcation 
The residual viable parcnclumal ccits show no evidence of gl>cogcn and normal blnusoidal 
patterns Two large foci of hcmorriiage into regions of necrosis D, Biopsy of same livei 
as m A, B, and C Extensive necrosis seen m the lower iialf of the microscopic field Tlie 
parenchymal cells are not oriented in the normal array of plates There is no visible evidence 
of intracellular gb cogen storage 


CONCLUSION 

According to our investigation, the regenerated liver of the dog tolerates 
poison (specifically, carbon tetrachloride) as well as normal, intact liver, if not 
more so. The reason for this relative tolerance may be the fact that 2 months 
or more after major hepatectomy in the dog, the regenerated liver is larger 
and weighs more than the original liver. Its size represents tiue legenerative 
hyperplasia as we have shown by (1) chemical analyses for lipids and nitrogen 
of aliquot parts of the liver, (2) nuclear counts, and (3) comparable histologic 
structure as witnessed on microscopic study. 
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Fig:. 2.— A, Liver of an adult mongrel dog which had received 270 ml. of carbon tetra¬ 
chloride over a period of 9 months, starting 4 months after a 70 per cent hepatectomy. The 
70 per cent partial hepatectomy was performed 2 months after a 50 per cent partial hepa¬ 
tectomy. Tills low-power microphotograph shows extensive fresh hemorrhage in regions of 
necrosis. Significant remnants of residual normal hepatic architecture cannot be identified 
in this section. The sinusoidal patterns are absent. B, Same liver as in A. The liver in 
this biopsy shows acute massive necrosis. In the center of the microphotograph are intact 
surviving parenchymal cells, surrounding vascular channels. There are foci of fresh hemor¬ 
rhage infiltrating the necrotic parenchyma. The sinusoidal channels are not patent. 


RESULTS 

1. The alterations of liver function tests in those dogs with regenerated 
livers and the other dogs without partial hepatectomy were essentially the 
same. 

2. The transient hypoproteinemia (hypoalbuminemia and hypoglobu- 
linemia) associated with the toxic necrosis was considerably less and was 
restored earlier in the dogs with regenerative hyperplastic livers following 
major hepatectomy than in the control dogs with intact livers. 

3. The weight losses in both groups were somewhat similar, but 1 months 
from the date the expeximent started both groups began to gain weight, which 
was due to ascites as a result of hepatic cirrhosis. 

4. In the dogs which had no partial hepatectomy prior to the adminis¬ 
tration of carbon tetrachloride, more fluid was noted in the peritoneal cavity 
and the liver was firmer and more granular (Fig. 1, A and B). The histo¬ 
logic evidence of the toxic necrosis was of apparently equal degree in both 
groups of animals. (See Fig. 2, A, B, C, and B.) 



LETHAL IRON OVERLOAD IN DOGS 
Elmek B Brown, Jk , MD,» Dvvid E Smith, JID,** Riubenu Dubioii, 
Ph D , VND C IRL V 3 I 0 ORE, JI D 
St Louis, Mo 

T he liaimful effects of lai,;e tissue non deposits ha\c lecened inueli atteii 
tion in leceiit jeais In a pievioiis study fioni tins laboratoij,' dogs winch 
had lecened nitiaienoiisly 0 5 to 10 Gm of non pel kilogiain of hodj weight 
Ined for 4 to 7 jeara without deielopiiig the chaiacteiistic lesions ot hemoclno 
iiiatosis in man The puipose of tins paper is to dcsciilic the tfteets 111 dogs ot 
non injected pnenteialh 111 icgitlai doses until to\ic inaniiestations appealed 
The animals were then ohseiicd until death oecuiied 01 seemed imminent and 
the tissue changes at autopsj wcie recorded One dog iccened saecliaiatcd iron 
OMde intraienouslj, 2 lecencd non dextiaii nitiamusculaih, and 2 leceived 
lion dextraii mtiapeiitoiieallj The accumulation ot 2 5 to 3 3 Gm of non pei 
kilogiani of body weight pioduced death within 5 to 10 moiitlis The tissues 
showed iiiassne hemosideiin deposits—chiellj 111 cells of the letieiilnoendotlielial 
sjsteiii—with no fihious tissue leaction All the animals showed anoie\ia, 
weight loss, and a dcciease 111 seium albuuiiii concentiation, one de\eloped as 
cites, anasarea, and chioiiio leg ulcers None of the dogs showed am eiidonce of 
diabetes or cirrhosis by laboiatoij 01 postmortem esamiiiations The exact 
cause of death and its 1 elationship to the non oieiload weie not established 

MITFRIIL IXD METHODS 

Two 'idult niongri.1 dogs were given injictions ot the iron dc\trau solution (Imferoaf) 
intramuscuHrly into nltcrintc thighs in n. dose of J*/ or o ml (12o or JoO ing element il 
non) pt.r dnj 6 dajs a week llic schedule and duration of mjectious arc shown m Tig 1 
Dog 1 received a total of 23 Gm of iron (3 1 tmi/Ivg), ind Dog 2 received 25 Gm (2o 
Gm /Kg ) during a o month period 

Two httermate puppies (approMmatclj 4 mouths old) were given injections of Imferon 
intripcntoneall} into tie left lower quadrant of the ibdomen Tlie dosage stliedule was 
125 mg of iron twice weeklj for 3 weeks, then 2o0 mg twice weeklj for 19 weeks, ml finally 
2o0 mg dailj for 6 dijs in one puppj (Dog 4) and 500 mg d iil> for 12 dajs m tic 
other puppj (Dog 3) The total amount of iron injected w is 9 75 Gm (3 3 Gm/Kg) anj 
14 Gm (2 o Gm /Kg ), respectively (Fig 2) 

Another adult mougrel dog was given injections of saccharated iron oxide (Fernvcnint; 
intravenously in do‘«es of 10 ml (300 mg of iron) per daj 5 dijs a week for 28 
V total dose of 29 Gm of iron (3 0 Gm/Kg ) was given to this dog 
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T]i 6 anianals were housed in individual cages and were fed commercial dog chow. 
Hexylresorcinol as a vermifuge was given to each animal during an initial period of observa¬ 
tion. Eeces were tested for occult blood frequently, and the vermifuge treatment was re¬ 
peated whenever blood was detected. Tlie dogs were weiglied at frequent intervals. 


Dog I d' 



Dog 2 



Piff. 1.—Correlation of body weight with cunnilative iron load in dogs receiving intramuscular 

iron-dextran injections. 

Periodic determinations of rod ceil counts, liemoglobin concentration, packed cell vol¬ 
umes, white cell counts, reticulocytes, serum iron, and unsaturated iron binding capacity were 
made by methods previously described.^ In addition, measuromonts of fasting blood sugar, 
serum bOirubin, Bromsulphalein retention and scrum protein fractions by cliemical and paper 
elcotroplioretic tecimiques were performed at intervals on tlie dogs wliich received iron- 
dextran. At death, tissue iron estimations were made as previously described.! Histologic 
examination was jjerformed on tissues fixed in neutral formalin and Zenker’s acetic solutions. 
Sections were stained routinely noth hematoxylin and eosiu and for iron with a modified 
Gomori stain counterstained with Mallory’s basic fuchsin. 

RESULTS 

vi. Iron-Dextraii Iron Overload .— 

Local effects: Intramusctilar injections of iron-dextran were given into 
the outer portion of the thighs without producing any tenderness or evidence 
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oL tissue inll.iiiini.itioii The iiitiapi,iitoiiL.il iii]cctioiis nl Imfcion pioducLd no 
disiOMifoil 01 ciKkiKi of pciitoiieil iiiiLitmii 

Gciiciabzcd effects No jmmedialc oi delated gcntiali/ed icactioiis to miee 
lions of uoiidc\tiaii oeeiiiied Bolli adult dogs tliat iccencd intiamiisoulai 
injections iiiaintaiiicd then n eight tin oiighoiit most of the mjcetioii peiiod 
(Fig 1) Aftei appioMiiiatelv 4 iiioiiths Dog 1 lefiised to eat, lost ueight, and 
had oceasiojtal diaiihea, with henzidiiie positite feces These stmptoiiis con¬ 
tinued until he died 21^ months latei Anoicxia and weight loss wcie less 
inaikcd in Dog 2 Nine dajs hefoie death he deteloped complete anuiia fol 
lowed In total i-efusal of food, taiij diaiihea, and tense ahdomnnil distention 
When death seemed iniininent, the aniinal was killed 

DOG 3 ^ 

Intraperitoneal Fe 


15,1 

o 

5~ 



LoAVS-I months of experiment 


Dog 4 ? 



-20 0 I 2 3 4 5 6 7 76 

tDAYSJ MONTHS OF EXPERIMENT 


1 ig: 2—Cojrelation of body with cumulative Iron load in dogs receiving intn 

peritoneal Iron dextran Injection** 

One puppj (Dog 3) that leceiscd intiapciitoneal injections of non dextran 
doubled his weight during the injection period Howeser, during the last 2 
weeks of injections lie lost 2 pounds and continued to lose w eight until he died 
(2 months latei) Giowth duiiiig the injection peiiod was less pionounced in 
the othei puppj (Dog 4) (Pig 2) Hei weight fell ahiuptly duiing the final 
peiiod of intensiwe mjectioiis and she died soon afterward Thioughout the 
experiment both puppies remained vigoious Slaiige occurred m each dog, it 
was mild in Dog 3, hut extensive and uniesponsive to tieatment in Dog 4 Theie 
was no premonition of death in eithci animal 

Total siiivival time foi Dogs 1 and 2 which had received their non dextran 
intiamiisculailj was 227 and 291 dajs, respectivelj Puppies 3 and 4 suivned 
213 and 148 dajs liom the beginning of then coiiise of mtiapeiitoneal non 
dextran injections 



Table I. Hematologic Values op Dogs Deceiving Iron-Dextran Injections 
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Hematologic effects No consistent cifcct ol; non de\tian injections on led 
cell count, hemoglobin value, or packed cell volume was discerned in anj ot the 
dogs except Dog 1 This animal, which had an non deficienc} anemia at the 
beginning of the stud>, icsponded to intramusculai non dextian bj a slow rise 
lu hemoglobin and a delajed icticulocvtosis No appreciable change in white 
cell count was obseived iii aiij of the dogs (Table I) 

Tests of hepatic function Biomsiilphalcin letcntion was within noimal 
limits 111 all dogs both befoie and appioximatelv and months attei in 
jections of non dextian weie begun The serum biliiiibin was also noimal 
Piotein fiactionation of seium from Dogs 1 and 2, as tabulated below (Table 
II), showed a definite fall in total piotcin, due laigclj to a fall m the albumin 
fiaction Theie was a coiiesponding elevation ot seiiim globulins m the last 
two samples from Dog 2 Papci elcctroiihoietic anahsis confiimed these seium 
protein elianges and demonstrated a diffuse inciease of gamma globulins 


Table II Total and Fraction vl Sfrum Protun Anvlvses of Dogs Given Iron Dlxtpw 
Intrvmuscui-vplv 


VNIMVL VND TIME 

OF STLDV 

TOTM PROTEIN 
(CM /iOO MI>.) 

VI BUMIN 
(GM /lOO MI ) 

[^HCS 39S3HHI 

Dog 1 

line 

59 

J9 

3 9 

DIO 

o9 

30 

2 9 

mo 

4 5 

20 

2 3 

Dog Z 

Base line 

0 9 

19 

10 

2V6 mo 

5 9 

2 8 

3 1 

mo 

4 7 

1 9 

28 

7^/. mo 

38 

1 5 

43 

91/5 mo 

oO 

1 5 

35 


Afiscelldneous obsertfitioiis Fasting blood sugar values were within normal 
limits 111 all dogs A noiiprotem intiogen detcimination, peiiormed on plasma 
from Dog 2 just befoie death, when amuia and tairj dianhea weie piescnt, 
was 26 mg pei 100 nil Serum non levels arc tabulated (Table III) Although 
they vvcie elevated in eveiy dog, complete satuiatiou ot tiaiisteiim was not imi 
toimlj acliieved—a finding which suggests tliat some of the non was ciiciilating 
as iron dextian 

Tissue distribution of injected von (Tabic IV) The gicatest conceiitia 
tion of iron occmicd in the liver, spleen, and pciipancieatic Ijmpli nodes where 
values were 50 to 75 times noimal Othei oigans had iron concentrations liigher 
than noimal, but tlie increase was most striking m tissues with a laige leticulo 
endothelial component 

PostmoTtem findings Autoptics were performed vvitlim 3 hours of deatlt or after 
a period of 2 to 6 weeks’ storage m a Deepfreeze Since the postmortem findings in all 
dogs given iron dextran were similir, a single description will be given, with silient e\ 
ceptions noted 

The dogs showed marked emaciation and dull, lustcrliss Jiair V scaling, Jiclienified 
'•kin rinli u IS present in Dogs 3 iiid 4 Dirk.brown pigmentation of the skin in an area 
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around the sites of injeetiou was present in all animals. There was no free fluid in 
pleural, pericardial, or peritoneal cavities. The peritoneum and omentum of the dogs that 
received intraperitoneal injections were stained brown; no adhesions or peritonitis was 
present. A distinct, rust-brown color was noted in the spleen, lymph nodes, pancreas, 
and kidneys. The liver was a dark mahogany brown, filled the upper third of the abdomen, 
and accounted for 6.4 to 13.4 per cent of the animal’s weight. Diffuse, black (iron sul¬ 
fide) pigmentation was present in the intestines of dogs that had undergone postmortem 
autolysis. The duodenum of Dog 1 shoived ascaris infestation. The bladder of Dog 2 
was enormously distended and contained several sharp, granular calculi in the bladder 
neck. The thigh muscles of both dogs that received intramuscular injections were swollen, 
stained chocolate brown, and the fascial planes were indistinct. No abnormalities of the 
heart, lungs, groat vessels, brain, or other organs were visible. 


Table III. Values of Serom Ikox, Exsaturated Irox Bixmxc CAUAciTy, axo Total Irox 
Bindixg Capacity ix Dogs Givex Ibox-Dextbax P.vrexterally 
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■Micro&copie t\imxnaUou of the liver slioucd large clumps of irou filled niaciopli iges 
(siderophages) aggiegatcd ivitlim the sinusoids but rclati\cly few in the fibious tissue 
of the portal arci's Onlj octasional small gi mules of iron Mere seen in either the 
hepatic parenchymal colls or the bile duct epithelium Slight atrophy of luer cell cords 
in tho regions of maximal iron deposition was noted, there was no fibrosis or cirrhosis 
(Fig 3) 

The spktn of each dog coiitaimd large numbers ot iron giauulcs distributed almost 
c\clusi\ely Mithin mitropluges of the sinusoids in tho red pulp, but feu or none Mcro 
found 111 the follicles ind the capsule I irge deposits of granular iron in tlic fibroadiiiose 
tissue 111 the liilum of the spleen wcie seen in 2 iiiimals (Fig 4) 

Poripancreatic l>mph nodes of all dogs and the inguinal and ili ic nodes of dOoS 

leecuing non dextrin mtiamusculirl^ shoMCd hea^j infiltration of iron m tlic pulp but 

little in the follicles Iremeiidous deposits of iron occurred in the sinusoidal irtas and tho 
ponuodal fibroadiposc tissue Paratrieheal md ixillirj nodes were pigmented but to a 
smaller extent No fibrosis of an\ Ijanph node was seen 

No abnormalities were noted in the lancreas Acinar ml islet tissue appeared normal 
md there was no fibiosis Onlj au occasional sidcrophagc u is present iii the interstitial 
tissues 

The kidneys showed niodcratclj lieai^ accumulations ot siderophages m the fibroadipose 
tissue about tho peliis but relativelj little iron within the kidney subst mcc There was a 
moderate amount of finely granular iron m the glomerul ir tufts and in the epithelium of 

segments of the cou%olutcd tubules (Fig 3) The exact location of this segmental tubular 

iiuolvcment was not clear, but it ippcarcd to be prmcipall) in the proximal segments No 
histologic abnormalities other tliaii the iron pigment weie noted The urinarj bladder of 
Dog 3 sliowcd numerous non granules within macrophages lu the id)po«e tissue beneath the 
serosa Smaller amounts of iron were scittcrcd in the interstitial ti'^sue tliroughout the mus 
cularis, particularlj around blood vessels In Dog 2, which had obstiuction of the bladder 
neck due to calculi, tliere were focal areas of erosion in the bladder epithelium with under 
l}ing inflammation and hcuiorrhagc into the lamio i propri i 

No abnormalities and no iron deposition wcic observed in tlie heart of anj dog except 
Dog 3 Tins animal showed i moderate number ot scattered sideropliiges m the connective 
tissue beneath the cpicirdium and cndocaidiuiu and between the muscle fibers Iron m tho 
lungs was confined priminlj to macrophages in alveolar sept i wluch appeared to have been 
trapped in alveolar capillaries V few siderophiges were present in the fibrous tissue around 
tho bronchi, otheis lay free in the alveolar lumens Broncliitis and edema were pieseut m 
Dog 4, and Dog 1 had an extensive broDcliopncuinouia 

Sections of bone marrow taken from ribs, steriiuiii, vertebial body, and femur all showed 
moderate to heavy concentrations of granular iron lu clumps, but no detectable cellular 
abnormality and no fibrosis The structure of bone and cartilage was normal 

No iron was seen within the brain substance or in the choroid plexus Rare macrophages 
m the leptomeninges contamed smill gianulcs of non The o^es of Dog 2 showed no abnor 
malities 

Adrenals, tlijroid, pituitary, and salnaiy glands showed no stiuctural abnormalities 
Small granules ot iron were present in isolated uiicrophagcs of the interstitial connective 
ti-^suo, but none was seen witinn epitheli il cells 

Sections of muscle at sites of iron dextran injection showed extensive areas of dense 
infiltration with macrophages coutaimng large iron granules These masses of iron displaced 
the muscle fibeis I ut seemed to hvve incited no fibrous or foreign body reaction The muscle 
fibers tliemselvcs ippeared to be normal except for atrophy in some areas 'Muscles iii aicas 
diataut from sites ol non injection weic iiurmil and showed no non deposition Sections of 
liaphragm from do^s leceuiiig iron dextran intrapeiitoneallj showed small to moderate 
miinb IS of co irae non e,iamiles in tin iiitcistitial tissue between muscle bun Iks 

Siderophages iii moderite iiumbcis were scitteied tliiougliout tlie upiiei conum and 
weie particularly concentrated aiound blood vessels and skin appendages Considerable 
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Fig 4. 
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Fig. 3—Luer from Dog 2 which recei\ed iion-dextran intramuscuiailj The iron, which 
shows as black masses in the illustration, is concentrated in clumps of macrophages in the 
sinusoids and portal space. There is no fibrosis, injurj' to hepatic cells, or iron in bile duct 
epithelium, and onl\ a small amount of iron in hepatic cells Hematoxjlin and eosin stain. 
(Magnification XHO reduced >(, ) 

Fig. 4 —Spleen from Dog 2 The dark masses of iron are present in macrophages 
principally in tire red pulp about the follicles but also in areolai tissue adherent to the 
capsule. Hematox>lin and eosin stain (Magnification XHO, reduced i(, ) 

Fig 5 —Kidnej fiom Dog 2. Granules of non are present in renal tubulai cells and 
in endothelial cells of the glomerular tufts without inducing appreciable alteiations in these 
tissues. Gomoii’s iron stain (Magnification X140, reduced i(i ) 
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keratinizatiou of tlie epithelium and plugging of tlio hair folhtlea with co irac clumps of 
keratin were seen 

Scattered siderophagoa were seen in the interstitial tissue of the testes m all dogs 
The testes of Dog 1 showed some arrest of spermatogenesis, as evidenced by absence of 
spermatids, but there was no atrophy or fibrosis Dog 2 showed active spermatogenesis 
Testicular fibrosis aud atrophj wore present in, the half grown dog (No 3) This animal 
also had moderate concentrations of sideroplngcs throughout the fibrous tissue of the tunica 
vaginalis and epididymis Except for scattered siderophages tliroughout t)ie stroma of tlie 
prostate, this organ vvas normal in all animats 

There were slight to moderate numbers of sideroplngcs m the connective tissue bemath 
the epithelium of tho touguo in Dogs 2 and 3 Sidcroiilnges in the fibrous tissue of the 
lamina propria and adventitia of the esophagus were present only m tlie dogs that liad 
received iron dextran intraperitoncally In the stomach and intestines the connective tissue 
of the lamuia propria, muscularis, and subserosa showed moderate numbers of macrophages 
containing iron Dogs 3 and 4, which had received iiitraperitoneal inyectioiisj, showed larger 
concentrations of iron in tlie serosa than the aninuJs that had received intramuscular injee 
tions No epithelial iron deposition or lipochrome pigmentation was seen 

Hugo deposits of hemosiderin accompamed by granul ir eosinophilic debris that may 
have represented the residue of edema or foreign body reaction were present in remnants of 
fibroadipose tissue of the omentum m the dogs injected mtr ipcritoucally with iron dextran 
The gall bladders of these dogs showed large clumps of siderophages m the subserosal coiinec 
tive tissue and lyonphatic spaces 

Ceitam findings vvaiiant emphasis Theie was no significant diffeience in 
iron distiibution coiielatcd with the route of non de\tiaii adniiiiistiation lion 
deposition was eoiifined almost exclusively to cells of the letieuloendothelial 
system Parenchymal non deposits vvcie small and confined to epithelial cells 
of the livei, bile ducts, aud iciial tubules Even vvlien piesent in tiemendous 
concuitiation, the non pioduced no fihious tissue oi foreign body leactioii 
theie was no cinhosis of the hvci oi pancreatic fibiosis Testiculai atiophy 
was piesent in one dog and decieascd spcunatogenesis vvas observed in an 
othei, howevci, the amount of non in the testes of these dogs vvas small, and the 
testiculai changes vveie unlike those dcseiibed by Nissim in lats injected witli 
non dextran The histologic appcaiancc of the tissues failed to show the cause 
of death The bionchitis and bronchopneumonia in 2 dogs weie piobably 
teiminal phenomena 

B Sacchautted lion Oxide lion Oieiloud —Dog 5, injected intiavenoush 
vvitli sacdiaiated non o\ide, had been a member of the colony for 2 yeais and 
had been used in several earliei expeiiments One of these was an assay of the 
effects of 4 aminofohc acid with and vvitliout concomitant folic acid, no ill effects 
vveie seen Piolonged plienylhydiazine induced hemolytic anemia was subse 
quently pioduced in this dog, but he was allowed to recovei completely before 
beginning this study One month befoie non injections were begun a lapaiot 
omy was peifornied, and biopsies foi chemical non analysis and histologic ap 
piaisal were taken of livei, spleen, pancieas, kidney, mesentenc lymph node, 
skeletal muscle, and skin The liistologie appeaiance of these tissues was noimal 
except foi the following (1) iron vvas piesent in incieased amounts piincipally 
m Kupffei cells of the sinusoids of the livei and in a few maciophages of the 
poital aieas, (2) numerous sideiophages vveie piesent in the red pulp of the 
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Fig. 3.—Liver from Dog 2 which received iron-dextran intramuscularly. The iron, whicli 
shows as black masses in the illustration, is concentrated in clumps of macrophages in the 
sinusoids and portal space. There is no flbrosis, injury to hepatic cells, or iron in bile duct 
epithelium, and onlv a small amount of iron in hepatic cells. Hematoxylin and eosin stain. 
(Magnification XHO . reduced %.) 

Pig. 4.—Spleen from Dog 2. The dark masses of iron are present in macrophages 
principally in the red pulp about the follicles but also in areolar tissue adherent to the 
capsule. Hematoxylin and eosin stain. (Magnification Xl40: reduced Id.) 

Pig. 5—Kidney from Dog 2. Granules of iron are present in renal tubular ceils and 
in endothelial cells of the glomerular tufts tvithout inducing appreciable alterations in these 
tissues. Gomori’s iron stain. (Magnification XHO ; reduced Kj.) 
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weight losb, emaciation, and unkempt, lubteiless h.iii weie piomiiitiit at 
3 montlib Supplementation ot liis legulai diet \nth lioise meat lesulted in a 
tempoiai\ weight gam and impio\ed appeaiance At 5 months, liowe\ei, ulceis 
appealed in the skin ot tlie iaoe and foielegs and failed to heal despite the use 
ot penicillin injections, Auieomjcin bj mouth, and local antibiotic sahes Two 
weeks latei ascites appealed, then edema of the feet and legs Attempts to 
allcMatc the ascites and edema b\ means ot lepeated injections ot meicuiial 
diuictics and 3 tiansfusions of plasma fiom a nonnal dog weie unsuccessful 
The animal died 13 da^s attei his last non injection, 7 months attei the stait 
of tlie cxpeiiment 

Lahoiatonj obset iiitions. Since the effects ot sacchaiated non o\ide on 
blood counts, seium non, hepatic function, and blood siigai lc\cls in an eailiei 
senes ot dogs ha\e been lepoited,* onh a mmiimim of obsei\ations was made on 
this dog (Table VI) Piogussuc anemia began less than 2 mouths attei the 
stait ot injections and continued until death Dunng the last 2 weeks ot lilc 
the serum albumin, the total piotcin, and the iiee and estenfied cholestciol weie 
low, suggesting tiinctional impaiiment ot the ii\ei The seium non did not use 
to levels as high as those ot dogs m anothei senes which leceived Feiinenm* 
N’o evidcuco of diabetes was obseivid 


TAULE M LVBORVTOP.V D\TA of D0<3 5 GUTS SVCCHU^VTED Iros OMDE I\TR^^ESOlSI.\ 


nvvsoi i\ 11 ON I 

INJF(TIONS 1 

iFUCMLCOLST I 
(Mil LIONS) 1 

■EBBEEEBDi 

e tl 1 VOLl Ml 

1 Elt CENT 

SLl IM IRON 
(/i,;/100 ML ) 

0 


1G6 

17 



0 53 

13 2 

3b 


SG 

4 OS 

21 S 

34 

SIO 

100 

3 05 

10 5 

30 


124 


12 4 

35 

bOO 

1 lb 

4 07 

12 3 

3S 

_ 

177 

3 80 

10 7 

32 

543 

198 

3 40 

8b 

2b 

550 

205 

2 70 

SO 

24 

bOO 

20S 

2 70 

7 4 

21 
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Mii>cellaneous tesOs >%eie as follows Da> 19S total serum proteins 4 9 Gni/100 ml 
albumin 18 Gm/100 ml serum cholesterol (total) 47 mg'/lOO ml free 22 mt/lOO nil 
Dnj _08 total seium proteins 4 9 (jin/lOO ml ilbunnn -0 Gm/100 ml 


Distribution of injected non The total iron tound in the tissues of tins dog 
was estimated at 28 8 of the 29 Gm injected (Table V) An additional 3 2 Gm 
of iron piobabh was piesent in the bone maiiow, lungs, and other tissues not 
assayed, bringing the total lecovcrv to 32 Gm or 3 Gm moie than was injected 
The most plausible explanation foi tins disciepancv is that this animal had in 
cieased bodj non stoics befoie the beginning of this studv (as a lesiilt ot le 
ceiMiig a prolonged eoiuse ot phenvlludiazme to induce anemia in a previous 
studj) The distribution of non was sinnlai to that ot the dogs leeeiMiig non 
dextian and showed huge accumulations in liver, si)leen, and peiipancieatic 
Ivmph nodes and veiv little non in tissues having a small leticulocndothelial 
component 

Postmortem finJinys Gross ex'imination re\etled i,cnerahzed muscle wasting, di'sten 
tioii of the 'ibdomeii, ind edematous extreuiitieb Infected ukers were present on tlie flee 
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and Jiind legs; the hair was dry and lusterless; the skin and mucous membranes acre rust- 
colored. Pink ascitic fluid (1,450 ml.) was present, hut tliere was no free fluid in tlie pleural 
or perh'urdial cavities. The liver was large, firm, and chocolate hrown. The spleen and 
peripaneveatie. lyinjih nodes were ilark hrown; the panciea.s and kidney.s ncre a ligliter Ian 
color. Except for a ru.sty pigmentation of the mucosa of the esophagus and stomach and 
the presence of a tapeworm in the upper ileum, the gastrointestinal tract was normal. Ex¬ 
amination of the heart showed brown plaques on the endocardial surfaces of the mitral, 
aortic, and pulmonic valves and similar plaques in the aorta extending to a point 1 cm. below 
the origin of the subclavian artery. No abnormalities were seen on gross examination of 
the other organs. 



Fig. 7. Fig. 8. 

Fig. 7.—Liver from Dog 5 which received sacciiarated iron oxide intravenously. Dark 
masses of iron are distributed in a manner similar to tliose in Pig. 3. There is a large area 
of bland necrosis with iron granules in its debris. Hemato.xylin and eosin stain. (Magnitlcii- 
tion X140 : reduced 14.) 

Fig. 8.—Pancreas from Dog 5. There is no fibrosis and the epithelium of neitlier the 
islets nor the acini shows any changes. Very little iron is present, mostly as dark masses 
in the interstitial tissue. Gomori’s iron stain. (JIagnifleation X230: reduced E.) 

Microscojdc examination showed tlie same general pattern of iron distribution as has 
been described previously.^ The amount of iron deposition was greater, reflecting the three- 
to sixfold increase in dosage, hut the predominant reticuloendothelial distribution and absence 
of fibrous tissue reaction to the iron were identical. Because of the similarity to the otlier 
dogs, only a description emphasizing differences will be given. 

Iron deposits in the liver were confined to huge clumps of macrophages witliin the 
sinusoids and to smaller groups of distinct granules in the cytoplasm of the parenchymal 
ceRs; the bile duct epithelium was practically free of iron. Of particular interest were areas 
of focal necrosis 50 to 250 m- iu diameter scattered throughout the liver (Pig. 7). In these 
areas there were destruction of liver ceUs, a slight increase in wandering macrophages, and a 
few polymorphonuclear leukocytes. The reticulmu appeared to be preserved, and iron was 
present in macrophages or as free granules where cells had been destroyed. The rem.ainder 
of the liver showed no increase in fibrous tissue or other abnormalities. 
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The bplecii was niabsuelj infiltrated with sidcroplii{,cs prcdomiii intl> uithiu tin rttiu 
ulum of the red pulp, with little iron in the follicles Vs> was true of most orf,ins evamiucd, 
occasional iron containing ni icrophagea were present beneath the cnilotlieliuni of blood ^es'«els 
The architecture of tho pancreas was normal and showed no fibrosis Iron de[Osition in this 
organ spared epithelial cells and was eoufined to interstitial ti‘*sue (Fig S) 

The kvdnej glometuU showed i \«.euUar end irregular tluckeumg of the lapillarj base 
ment membranes within the tufts, end cout lined relituelj 1 irge accumul itions of iron 
4 ,rauules This thickening seemed to !mc decreased the general \ i&cularitj of the glo 
merular tufts, although manj capillaries wore wide open and filled with crjthrocjtes Small 
amounts of fine!) granul ir hemosiderin were j»re'»ent m the tubular epithelium, partieularh 
of thcprOMinil tubules (tij 



Fig a—Ki Iney from Dog o The capillai> ba^eiienC membranes of the glomeruli are 
irregularly thickened and cause constriction of the lumens of the capillaries Dark masses 
of iron arc also present m the glomeruli but only line granules are present in the epithelium 
of a few tubules Hematoxylin and cosin stain CMagniflcatlon X-70 re luced ) 

Fig 10 — Vorta of Dog a In intiinal plaque from Just above the aortic vahe shows 
the accumulation of macrophages filled with iron granules throughout Its substance Herna 
toxylin and cosin stain (Magnification xi-IO reduce I ** ) 


In the licart sidcropliages were present almost c\clusi\el} in inteistitial tissues of the 
myocardium and epicardium In addition, there was deposition of siderophages 4 or 5 cells 
thick, in tlie loose fibrous tissue immediately bene ith the endocardium ind the intima of the 
lorta which accounted for the plaques seen on gross examination (Fig 10) Iron in the 
lungs was present only in sideiopl ages tripped in aUeolar capill iries 

Iron in the gastrointestinal tiact was present mainly in niaciophages in the lamina 
jiroprn, with small collections of sideiopliagcs in the subniueo^a of the stomach and the 
subscro a of tl < sm ill intestines Tliere was i brownish >ellow, refiaetile pigment tint did 
not stain for non Imt lid stun positutlj with basic fuclisiii in the inteistitial tissue of the 
iiiuseularis This hpoehromc or “himofuscin pigment*’ w is piescnt in greatest quantities in 
tlie lower ileum but was ilso seen in the stomach, jejunum, colon, and intcrNtitial tissue of 
tlie pancreas 
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The testes showed scattered iron-containing macrophages in the interstitial tissue be¬ 
tween the tubules but no atropliy of the tubules. Rare siderophages were present in the 
interstitial tissues of pituitary, adrenal and salivary glands; no pigmentation of tlie epi¬ 
thelium was seen. 

Sections of vertebral and femoral bone marrow showed erythroid hypoplasia with slight 
flbrosis and a heavy infiltration of siderophages. Lymph nodes were filled witli huge aggre¬ 
gates of siderophages, some of which spilled into surrounding alveolar tissue and a few into 
the interstitial areas of tlie compressed follicles. 

Relatively small amounts of iron were found in muscle and skin, in siderophages about 
the blood vessels and hair follicles. A section of a chronic ulcer of the foreleg showed no 
deposition of iron m association witli the intlammatory infiltrate. 

No iron was seen in brain substance. A small number of siderophages was present 
in cells of the choroid plexus and tlie leptomeniuges. The eyes contained moderate amounts 
of hemosiderin in the ciliary epithelium, in the stroma of the ciliary body, and in the clioroid. 
The pigment epithelium showed swelling and degeneration, but the retina was free of ab¬ 
normalities. 

As in the dogs that received iron-dextran, this dog showed iron deposits 
primarily in the ceils of the reticuioendothelial system, with parenchymal dep¬ 
osition only in the liver and kidney tubules. No cirrhosis or fibrosis was pro¬ 
duced by the iron. Four findings in Dog 5 did not appear in the dogs which 
received iron-dextran. First, there were small scattered areas of focal necrosis 
of the liver of unknown significance. Second, lesions of the glomeruli similar 
to those described in other species of experimental animals as being due to small 
emboli caused by intravascular precipitation of saccharated iron oxide were ob¬ 
served.^’ * (The extensive renal lesions described by Ellis^ in rats injected with 
saccharated iron oxide were not seen.) Third, hemofuscin-like pigment was 
found in the pancreas and the muscularis of the gastrointestinal tract. The 
same pigment has been described in other dogs injected with saccharated iron 
oxide.^ Golberg and associates® have suggested that a similar pigment produced 
in iron-dextran injected rats is related to a localized vitamin B deficiency. 
Finally, the iron deposits in various segments of the eye seemed to mark the 
early stages of degenerative ocular changes which have been described in other 
dogs injected with large amounts of iron.^ 

DISCUSSION 

The cumulative dose of iron needed to produce recognizable toxic effects in 
these dogs was approximately 2 Gm. per kilogram of body weight; the lethal 
dose was 2.5 to 3.3 Gm. per kilogram. The dose was independent of the route 
of parenteral administration or type of iron compound used. The only report 
of iron overload of similar magnitude in dogs was that of Finch and Finch* 
who gave saccharated iron oxide and observed hepatic toxicity at doses of 2 Gm. 
per kilogram in dogs that survived for 2 years. 

The way that the excess tissue iron produced the observed harmful effects 
is obscure. The anorexia, apathy^ weight loss, and fall in serum albumin con¬ 
centration do not implicate any specific mode of iron toxicity. They could be 
ascribed to malnutrition, but this label gives no insight into the role played by 
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tlie non deposits The eouisc of the dogs that leecivcd non dextiaii suggests a 
satiuation plieiiomenon in the comse of non injections no ill effects 

weie obsei\ed Attei about 4 months, at lc\cls of non gieatei than 2 Gin pei 
kilogiam, there seemed to be a hieakdown of tolciaiice to the massi\e non de 
posits ^Mth the appeal ance ot to\ie manifestations 

Finch and Finch ha\e cmphisized that non intioduccd paientciallj’' is 
hngclj captuied b> cells ot the icticuloendothelial s\stcm so that the paienchj 
inal cells aie piotectcd tiom damage and fibtous tissue lesponse If tins e\ 
planalion wcie wholh collect, one might e\pcct that the teiminal toxic effect 
could be coiielated i\ith a spillo\ei ot non into paicnclnmal cells aftei the 
capacit-v of the letieiiloendotheiial s^stem had been exceeded No moiphologic 
e\ideiice foi tins phenomenon i\as iound 

III addition to the othei changes aseiibed to malnutiition, the dog that le 
ccued saecliaiatcd non oxide deieloped ascites .iiid anasaica, theieb> suggesting 
li\ei tailuic as the cause of deatli Thcic is no doubt that the livci beais the 
blunt ot non deposition and nia\, theicloie, sustain the gieatest ni]iu> Ex 
tiemeh low fico and cstciihcd seium eholcstciol and low sciuni albumin con 
centiations in this animal weio tin. onh measuicd c\idenec of hepatic d\sfunc 
tion, othei functions sucli as bile pigment metabolism seemed to be icasonabh 
intact Examination of the Inei at death gave little morphologic CMdenco of 
iiijui> Except foi scattered, small aicas of tocal neeiosis and the massive 
iGticuloendothclial non deposits, the livei did not apjicai sciiousl} damaged 
In the othei dogs, e\ c n few ci abnot mahties ot the live i w ei e noted 

Since theie was no 'nceptablc moiphologic explanation in tlie livci or othei 
tissues ioi the deteiioiation and death of tl cse dogs one mnv speculate about 
possible biochemical altciations tliat ma\ have been involved Little is known 
about non toxicitv at the moloeulai level Pciiitm, winch is i usual accompim 
meiit ot hcmosideiin in tissue non stoiagc can imdei ccitain cueumstanees 
pioducc seveic vasodepicssion and mav kid to deatli** Such a death is cata 
stiopine, unlike the slow deteiioiation observed in these dogs As another possi 
bilitj, non, a lieavj metal, shaics the piopeitv of binding sulfhvdijl gioiips 
and ma> tlius inteitcie with certain cnzvmc svstems Glvcohsis of tissue homog 
enates is inhilnted bv teiious sulfate,*** and it has been postulated that pviu 
vate toimation** and “en/vmes in the Kicb s cvcle ‘ aie inhibited bj non in 
toxic amounts The metliods used in this cxpeiiment woie not designed to test 
these hvpothcses It seems liKclv, howcvoi that svstemic toxic effects of non 
oveiload invaiiabh depend on inttifeieiice with enzvme sjstoms, whethei oi 
not moiphologic changes aie pioduced 

These data obtained fiom dogs mav applj to human beings because of the 
many similanties of non metabolism of the two species Tiie lesults emphasize 
the fact that excessive tissue non deposits can lead to death bv' processes in 
dependent of tlie fibiosis, cnihosis, and diabetes seen in hninan subjects witii 
idiopathic hcmochiomatosis Although no instance has jet been lepoited of 
harmful non oveiload in human subjects as a icsult of administiation of eithei 
sacchaiated non oxide oi non dextian, this possihihtj cannot be ignoied Even 
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the remote potentiality of fatal iron overload, as proved possible by these ex¬ 
periments, eantions against the indiscriminate use of these easily administered 
iron preparations. 


SUilMARY AND CONCLUSIONS 

The cumulative dose of parenterally administered iron recpiired to pro¬ 
duce death within 5 to 10 months in each of 5 dogs ranged from 2.5 to 3.3 
Gm. per kilogram of body weiglit; toxic effects began to appear after 2 Gm. per 
kilogram had been given. The size of the lethal dose was not affected by the 
type of iron compound used (iron-dextran or saccharatcd iron oxide) or by the 
route of administration (intramuscular, intraperitoneal, or intravenous). 

Massive tissue iron deposition occurred almost exclusively in cells of the 
reticidoendothclial system, with little parenchymal involvement. There was no 
fibrous tissue response to iron deposits and no evidence of hemochromatosis. 

The mechanism by which the toxic effects were produced and the cause of 
death of these dogs bare not been defined. 
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&0AII3 Pin SICOCIIEMICArj PROPERTIES OP THE VITAJIIN B. 
BINDINO SUBSTANCES OP’ NORMAL AND CHRONIC 
An ELOGENOUS LEUKEMIC SER V 

A MiON AIiu 11 !, M D, VM> lonN P’ Sur r i\ v^, B S 
Bosion, ADS', 

T he seium 111 tluoiiie injdo^uioiis leiiKemi.i (CML) lias an iiicuased con 
csiitiation ot Mtaimn Bi ' and an niciea-scd cajiaeitj to Iniid \itaiiim Bi 
as measuied in mo" ' oi in \itio' ' - Bi niieiobiologie a-ssai of (lie electio 
plioieticallj stpaiatcd fiactioiis ot iioiinal and CAIL seiiini, vitamin B,. was 
found liouiid to tlio alpha 1 ajul alpha 2 glohiilins' ■■ The isiiiie piotcins vvcie 
also involved in the in vitio Inndnig of iddcd vitamin Bi-‘ '■ AAUitn cobalt™ 
labeled vitamin B,. (B,.CO‘“) sufficient to satuiatc iioimal stiiim is added in 
ntio it IS bound chieflj to the beta and alpha 2 globulins as ineasiiied bv 
dialjsis techniques On the othti hand, the high levels ot added B, CO™ bound 
bv CAIL semm is found on the alpha 1 and alpha 2 globulins" In the pitsuit 
studv we have investigated (a) the natuie of the siibstanees in noimal and 
CAIL sera that bind B,.CO “ and (b) some pbvsicoehuiiical ehaiactciistics of 
this binding leaction 

A pieliiiunaij lepoitof thisstiidj has been published” 


MHIIOBS 


Scrum —Venous blood uas collected from fasting control subjects and from CML 
patients Iho blood uas alloucd to clot at room temperature and^ 2 to 3 hours later, the 
serum separated and stored at 20® C until used Control sera v,eio routineh pooled in 
groups of 3 to 4 and CML scru were otcasioiiallj pooled before use Control subjects A\cre 
laboratorA personnel and patients in the hospital suflenng from \anous tjpes of functional 
diJsordcrs C2IL sera iiere from patients who were m clinical and hematologic relapse 


Unsatmated Vitamin B , Bmding Caiyacily of Serum (UliliC) —Tlio ibilitj of normal 
or CML serum to bind added B,jCO60 (UBBC) uaa determined bj a ‘ilightlj modified cqui 
librium didljsis technique described prciiouslj * Oiio milliliter of saline containing 29 in;ig 
of B CQci* was added to 4 ml aliquot-* of normal and 1 or 2 ml aliquots of CML sera This 
amount of was in excess of tlie binding capacitj of all stn except for one CML serum 

in winch j 8 m/ig per milliliter of ‘•eruni was required flic mixture was allowed to intirict 
in a Visking dialjsis bag for one houi at looni temperatuie Variations in the amount of 
scrum used ind in the tot il \olunic of the mixture did not affect the results provided an cxicss 
of B,jCO*'0 was present llie siiuni BjjCOt-i* mixture was then diilyzed for 48 hours at 4 to 
0® C against 300 ml of 0 002 M piiosph ite bufttr, pH 7 3 A protein f:cL blank eont lining 
butler instead of serum was lun concomitantly llie method of ‘Jample counting and the 
calculation of the UBBC from the experimental lesults was similir to that described prcvi 
ouMys All studios were performed in triplicate except for some experiments using CML seia 
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where duplicate samples ouly were analyzed. If duplicate or triplicate samples disagreed by 
more than 15 per cent the entire experiment was repeated. IVhen serum whose binding 
capacity was saturated with added Bj.COoo was required, the serum Bj-COoe mixture was 
dialyzed against large volumes of 0.062 M phosphate buffer, pH 7.3 for 96 hours. In the 
estimatiou of the UBBC from such samples no correction for a protein-free blank was neces¬ 
sary. 

ilicrohiologic Assay ileasuremenls. —The Euglcna gracilis assay was employed in these 
studies.ie In this assay, one volume of diluted serum was added to an equal volume of basal 
growth medium. The pH of the basal medium as well as the serum-basal medium mixture is 
3.6. The composition of this medium m grams per liter of water is as follows: HjBO,, 0.071; 
KH.PO,, 0.100; iIgSO,-7H,0, 0.100; L-glutamic aeid, 10.000; DL-malic acid, 2.000; CaCO,, 0.122; 
ZuSO,-7H,0, 0.S8S; ilnSO^HjO, 0.031; FeSO.-lH.O, 0.005; CuSO.-5H,0, 0.001; Na-MQO,-2H,0, 
0.005; CoSO,-7H-0, 0.019; thiamine, 0.002. In this assay “free vitamin E,.” is defined as the 
vitamin available to Eiiglena gracilis without preliminary heating of the serum-basal medium 
mixture and “total vitamin B,,” -as the vitamin available after heating of the serum-ba.sul 
medium mixture at 100° C. for 17 miuutes.r® The “free” and “total” vitamin B,, activity 
was measured in: (A) serum to which excess B,.CO«o had been added and had then been 
exliaustivcly dialyzed against 0.062 il phosphate buffer at pH 7.3. This serum contained the 
endogenous vitamin B,- plus the additional exogenous B,,CO“o which was nondialyzable at pH 
7.3. (B) Aliquots of the same serum to which B,,CO““ had not been added but which had 

been dialyzed as serum A. This serum contained only the endogenous vitamin B,. activity. 
The amount of nondialyzable exogenous B,,CO60 that was measured as “free” or “total” E,. 
in the Eaglcna gracilis assay could then be calculated from the following: 

1. “Free” B,. activity “Free” B,. 

of the exogenous = activity (A) - 
Bi-CO'^e “free” B,. activity (B) 

2. “Total” B,: activity “Total” B,, 

of the exogenous = activity (A) - 
Bi.CQoo “total” B,: activity (B) 

pB Experiments. —Sera were dialyzed for 72 hours against frequent changes of 0.15 M 
saline at 4° C. Aliquots of this sera were placed into dialysis bags and allowed to dialyze 
against buffers of varjlng pH values at constant ionic strength (0.15). In these experiments 
the B,,COia) was added to the dialysate rather than inside the bag. After dialysis for 72 
hours the UBBC was determined. After dialysis, sera dialj-zed against the pH 5.5 and 4.5 
buffers became turbid but gross precipitation did not occur. The following buffers were used: 
(1) 0.15 sodium borate, pH 9.2; (2) 0.062 \[ sodium phosphate, pH 7.3; (3) 0.15 if 
sodium acetate pH 5.5; (4) 0.15 M sodium acetate, pH 4,5; and (5) 0.15 A1 sodium formate, 
pH 3.6. 

Serum containing bound B,,CO<io was prepared by exliaustive dialysis as described above, 
and the UBBC was then determmed. Aliquots of such sera were mixed with two volumes of 
the Eugleiia gracilis basal medium. The serum-basal medium mixture was then dialyzed 
against large volumes of the basal medium (pH 3.6). As a control two volumes of 0.062 M 
phosphate buffer pH 7.3 were added to aliquots of the same serum and the contents dialyzed 
against this buffer. The UBBC of the acidified and control serum were then redetermined 
after dialysis. The UBBC of the acidified serum listed in the Results was corrected for the 
slight decrease in the UBBC of the control serum. 

SeromucoiJ Preparation. —The seromucoid, i.e., the fraction of serum soluble in 0.2 M 
sulfosalicylic acidu was prepared. One volume of 0.4 il sulfosalicylic acid was added to one 
volume of serum. One minute after precipitation of the serum protems, the contents were 
centrifuged at 1,000 g 4° C., for 45 minutes. The supernatant containing the seromucoid was 
separated and then neutralized with 1 N NaOH. The seramucoid was precipitated using one- 
half volume of 5 per cent phosphotungstic acid in 2 N HCl.iv B,.CO«o binding by the 
neutralized supernatant both after sulfosalicylic acid precipitation and after phosphotungstic 
acid precipitation is shown in Table I. B,.C06» binding occurred in the sulfosalicylic acid 
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superiiat uit containing the ccromucoiit, but u is iirtuiJly mi in the phospliotungstatc '>uj)i.r 
nitiut m \ilucU the stromucoid iins ab'-ent 1 hereafter, B„COco bmamg lij t!ie neutralized 
sulfo«alic^lie acid supernatant i\as measured and taken to repie«ent B, binding of the 
scroraucoid 

TvuLE I The Binding oi B, CO**® b\ hie Slro'IUcoid FRveiioN oi CML Suiuii 


I UBBC 

_I _ (ni/ig/ML ) _ 

(A) CktL scrum 92 

(B) Scromucoid fraction* 9-10 

(G) Scrom ucoid supcrnatintt _ 0 01 _ 

•The supern vtant after precipitation of the sciuiii pioteins fioin (V) iMth 0 2 M 
bUlfosanc\ lie aci] 

tThe •’upernitint ifter pre Ipitation of the •'eroinucoi 1 fiaction fioni (B) with j pci 
cent phosphotunjlstlc icid In * N HCI 

Th(. Lffccti of Heat —\Miole scrum ind the stroniucoid fraition \\eie heitcd for i 
minutes at 69 to 73“ C CML scromucoid w is also lit ited for 10 minutes at 100“ C in i 
boiling \^ater bath All samples ^^ere then cooled to room tempciaturo and BuCO**® binding 
me isuied 


llESiULTS 

ExchangeaWxtij of Bound BuCO ^—Caiuoi Mtajiiiii B,. ^^as allowed to 
mteiact toi one lioui with soium eontaiiiuig bound Bi-CC", and the UBBC was 
then icdetermincd b\ dialxsis (Table II) Xo appieeiablo L\ehange of bound 
Bi-CO'’" with camel Bu was noted in eitliei iioimal oi ClIL seia The lapldlt^ 
of binding is indicated In the tact tliat caiiici B,- tailed to dislodge BisCO‘“ 
when the caiiiei Mtaniin was added to the seiuni one ininnte aftei the addition 
of the ladiOMtaniin (Table III) 


riBu. ir The FuruRE op Cuiiiee tiriMis B, to t\uii\GE With B. COi'» Prcuolsh 
Bound to Serum 



1 UBBL (m/Cg/ML ) 

SLRUM 

INITIIL BINDINO | CIRRILR B * 

Normal 

CfilL 


1 40 1 33 

12 40 12 79 

•bour microgrriin*. of cirriei \itamin Bi w is allowcl to mtcrcct with seta containing 
piGMon iy bound Bi CO'“ for 1 iioui it room tenipci iturc, following wincli the L BBC was 
redetermined by ilial>sis 

TvdLE hi iHt lilllPiTN Ot B, 

CO « Binding by Normal ind CML bcRUM 


UBBC (m^g/ME ) 

SERUM 

CONTROL 1 CIRRILR B^* 

Normal 

CilL 


1 o3 1 43 

18 10 17 20 


(Une minute dftei the ailUltion ot 29 meE BuCO”* to the serum lOO nijiB oC carrier 
Mtainin Bn was added One hour later dialysis of all samples was begun 


Compansou of Euglctw giacilis and Dialgsts Binding Methods —^Tlie ladio 
Mfainin bound to seium bj dialjsis at pH 7 3 was lueasuied bj the Euglena 
giacilis assay method In noimal seia 60 to 77 poi cent ot tlie ladiOMtainiii 
nondialjzable at pH 7 3 was measuied as “fice” oi unbound b\ Eugtena giaulis 
assay wlieieas oiilj 9 to 3 pel cent was so iiieasuied in CilL seia (Table IV) 
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However, expressed iii absolute terms (milliinierograms per milliliter of serum), 
the amount of “free” was similar for both types of sera (Table IV). 

Since the serum is first acidified in the performance of the Euglena gracilis 
assay, the effect of an acid milieu on the BijCO^ nondialyzable at pH 7.3 was 
investigated. 


Table IV. The Ability op Euglexa gracilis to Utilize Noxdialyzable B,-C06o op Normal 

AXD CJIL Sera 


SERUM 

CONGEXTKATiON 

(m/ig/ML.) 

^^FREE" B 12 CO 6 O 
CONCEATRATION 
(m/ig/ML.) 

“free” BjiCOi-o 
“TOT,iL” Bj.COl'O ^ 

(%) 

Xoimal 

1 

2.11 

1.62 

77 

2 

2.SS 

1.72 

60 

3 

3.30 

2.60 

77 

CML 

1 

19.30 

2.50 

13 

2 

16.00 

1.12 

9 

3 

12.23 

1.53 

13 


"Free” and "Total’’ BjsCO*’’^ in terms of Eut/iena fpactUs assay as described m Methods. 


Table V. The Effect of Acidification on the NoNDiALYZiVBLE 


SERUM 

UBBC AT 1 

pH 7.3 

(m/Ig/ML.) ! 

UBBC AT 

pH 3.6* 
(m;ig/ML.) 

DECREASE 
UBBC AT pll 
m/ig/ML. 1 

IN 

3.6 

PER CENT 

Normal 

1 

2.19 

l.Il 

1.05 

IS 

2 

l.o2 

0.80 

0.72 

47 

CML 

1 

8.65 

7.70 

0.95 

11 

2 

5.93 

5.1!) 

0.74 

12 


♦Serum BisCO'^ complex acidifled ^^lth the Eta/lena (j)(tciUs basal medium and then 
ledialjzed to determine the UBBC as described m Methods. 


Table VI. The Effect of Acidification on the Ability to Bind Bi-COgo 


1 

SERU’M ! 


UBBC 

(m/ig/ML.) 


pH 7.3 1 

pH 5.5 

1 pH 4.5 

1 pH 3.6 

Normal 





1 

1.32 

t.35 

1 22 

0.55 

2 

1.02 

0.98 

0.88 

0.50 

3 

1.00 

1.10 

0.83 

0.28 

4 

1.59 

— 

— 

0.81 

5 

1.54 

— 

— 

0.46 

CML 





1 

9.78 

— 

— 

S.S4 

2 

11.89 

— 

— 

12.90 

3 

54.32 

— 

— 

53.00 

The abo\e 

pH le^els maintained 

by bxifferb ot 

Similar ionic strength 

(0.15) as described 


in Methods 

Effect of pll .—Sera containing BuCO™ nondialyzable at pH 7.3 was acidi¬ 
fied and then diah’zed against tlie Euglena gnuilis ha.sal medium pll 3.6. A 
large fraction (47 to 48 per cent) of the Bi^CO’'" nondialyzable at pH 7.3 be¬ 
came dialyzable or unbound on acidification (Table V). On acidification of 
C3IL sera a much smaller fraction of the BuCO''® was rendered dialyzable. The 
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effect of \.U 3 ing 1)11 levels (3 0 to 92) on B,_CO " bindinj,^ was iinestigated 
Bimlniji 1)\ noiinal si*ia was not aiftded b\ pll levels tioni 3 3 to ‘) 2 At pH 
4 5 a slight (lecuasc in Hi CO binding was lound while at pH 10 a inaikid 
duline* oeeuiied (Table VJ) liv tonli Jsl, H, CO binding l^ CiMl^ stia was 
iniaftected at pH levels ot 3 0 (Table VJ) 


TvBU VII lii4 Binding Oi ii\ rup SiKOWutoiu ir^veiiov of Norvivr 

\ND CML StKV 


SH UM 

SI 11 vr miM 
(Ill#tg/Ml ) 

SIlOMlhOIi) l iiUC 
(lll/lg/MI } 

SHtOMUtOI]) UBBC 

-xlOO 

SI I UM UBBC 
(%) 

Normals (G)* 




Me in + S D 

2 01 ± 0 14 

0 20 ± 0 10 

J 1 ± 5 

Baiige 

1G2 2b4 

0 1J 0 17 

5-18 

CML 




1 

o8I 

2 7S 

48 

2 

10 19 

7 50 

74 

S 

8 29 

0 28 

70 

4 a)t 

14 02 

9 40 

G3 

6) 

28 00 

24 50 

SS 

5 

472 

140 

31 

6 

4 84 

217 

45 

Mean i S U 

1007 1 811 

7 74 ± 7 07 

C; ± 20 

BaiJgo 

4 72 28 00 

1 40 24 50 

21 SS 


•Refers to number of pitlcnt'- 

tSmie pilient itulica aurlns ajf£«.rcnt rcUpvo 


TA31I VIII ihlE EtFECT 01 IllU Pi mi VIINO 01 Slpv vmu inm. Seiomucoid Frvctions on 
iiiLiR AmiiiY TO Bind B, CO*-" 


1 

UBBt 

CONTBOr 

(ra,ig/Mr ) 

1 UEVTED 

UBBC APTFh ni«VT 

SERUM 

CONTROT IBBC " 

% 

Normal feera 




1 

2 34 

1 19 

51 

2 

152 

0 70 

46 

3 

1 72 

0 01 

36 

4 

2 08 

0 84 

40 

5 

1 87 

0 60 

37 

CML Sera 

1 

5 81 

4 89 

84 


8 10 

0 59 

81 

3 

10 10 

8 00 

84 

4 

23 90 

2150 

90 

CML Scromucoiil 

1 a) 

4 Oj 

4 35 

94 

b) 

4 Go 

3 80 

82 

2 a) 

217 

2 17 

100 

b)* 

2 17 

5 33 

240 

3 (1) 

1 46 

1 89 

130 

4 (1) 

23 00 

22 00 

00 


•Samples heated for 10 minutes at 100* C all other 'simple'^ heated at 69 to "J' C 
for 3 minutes 


Seromucotd Binding —The binding of by the seiomucoid fiaction 

of noimal and C3IL sera is shown ni Table VII A small amount of BuCO"” 
was bound by the seiomucoid of noinial seia (mean of 0 26 m/xg pei imllilitei 
equal to 13 pei cent of total seunn binding) In ClIL sera this binding was 
ineieased about tliiitj fold (mean 7 74 nipg pei millihfoi equal to 61 pei cent of 
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total serum binding). The binding of BioCO®® bj’’ the CiML seronincoid was not 
affected by acid pH levels as low as 3.6. Precipitation of the normal or CML 
seromucoid-vitamin Bjo complex -with 5 per cent phosphotungstic acid resulted 
in 95 to 100 per cent recovery of the radiovitamin in the washed precipitate. 

The Effect of Heat. —The effect of pi’eheating the serum and/or seromucoid 
on the subsequent ability to bind added Bi 2 CO““ is shown in Table VIII. 
Heating of normal sera to 69 to 73° C. for 3 minutes resulted in a 49 to 64 per 
cent decrease in binding as compared to a 10 to 19 per cent decrease in binding 
in CilL sera. Heating of C^IL seromucoid to 69 to 73° C. had no effect on 
BioCO''" binding, and heating to 100° C. had no effect or actually increased 
BisCO"" binding in 3 of the 4 sera tested. 

DISCUSSION 

A large portion (60 to 77 per cent) of the BjoCO^® bound by normal serum 
at pH 7.3, i.e., the nondialyzable radiovitamin, was measured as “free” or un¬ 
bound in the Euglena gracilis assay system. In this assay, perfoxaned at a pH 
of 3.6, “free” Bi^ is defined as the vitamin available to Euglena gracilis 
without preliminary heating of the serum-basal medium mixture. However, at 
.such acid pH levels, 47 to 48 per cent of the BijCO^" nondialyzable at pH 7.3 
became dialyzable or unbound. Thus, the ready availability for Euglena gracilis 
of a large fraction of the bound BiiCO'*® is due to the acid milieu of the assay 
.system. Since the amount of the boxxnd BisCO"® measured as “free” by Euglena 
gracilis exceeded the amount of boimd Bi.CO^ rendered dialyzable by acidifica¬ 
tion. direct utilization of bound Bi^CO®* by Euglena gracilis without preliminai’y 
heating must also occur, (rrasbeek*- has shown that vitamin Bu bound to 
gastric juice was unavailable for adsorption by Lactobacillus leichmannii at pH 
7 to 8 but was readily adsorbed below pH 5. Furthermore, it has been shown 
that other microorganisms can utilize the vitamin Bjo bound to intiunsic factor 
preparations without preliminary treatment at pH levels above 6.6.^^’ ” The 
data cited above emphasize that what is measiu’cd as “boiuid” vitamin in a 
dialysis or an ultrafiltration system may not be “bound” in a mierobiologie 
assay system. The importance of pll in any type of assay system for the 
measurement of serum Bi^ binding is also indicated by the present findings. 
The variable i-esults obtained by other investigators as to the principal binding 
proteins of nonnal serum for added B 12 can probably be ascribed to the different 
methods of determining vitamin B,o binding employed in these studies.”’ ® 

Little, if any, of the vitamin Bi- of normal serum is measured as “free” bj’ 
Euglena gracilis assay.”- Thus, the endogenously boimd vitamin differs from 
the xdtamin bound in vitro with respect to its availability for Euglena gracilis. 
Differences in the chemical nature of the binding between the in vivo and in 
vitro situations are suggested by this finding. Furthermore, in vivo the vitamin 
is primarily associated with the alpha-1 and alpha-2 globulins,”’ ^ whereas in 
vitro the vitamin is primarily bound by the beta and alpha-2 globulins of nor¬ 
mal serum.® Doubt as to the physiologic significance of the in vitro binding is 
su""ested by the above findings. Thus, the binding of BjiCO”” by the beta 
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globulins 111 the pitsent in \itio svstcm iiid\ onh lepiesent a ‘spill o\ci” fiom 
the satiUiitLd binding sitis on the plnsiologic binding pioteins, le, the alpha 1 
ind alpha 2 globulins Attempts to check this hvpothesis using eoncentiations 
ot Bi CO within the binding capaeitj ot the alplia globulins have been unsatis 
factoiv due to technical limitations Ilowevei, small amounts ot “tiee' Bi-. 
as measiucd b\ Euglcna g)aclll^ tan be tound in noimal seia*' and Bi, 
activitv has been tound associated with the beta globulins and albumin tiactioiis 
ot noimal seiiim’' Thus, the binding ot B, CO " bv the beta globulins and 
albumin tiaetioiis obseived in \itio also occuis m vivo The phvsiologic 
signihcance of tiiese findings lemanis to be elucidated Bv contiast to noimal 
seia, the Bi-CO'' bound in vitio bv CML seia is laigelv unavailable to Euglena 
giacth^ without pielinunaiv heating, and thus is similai in this lespect to the 
vitamin liound m vivo * 

The seiomucoid iiaetion of CAIL seium was capable ot binding laige 
amounts of Bi^CO'''^ in CAIL patients In some seia, the seiomucoid accounted 
toi the entile inciease in Bi^CO * binding ovei noimal values Two tactoi*s 
lelating to the method of piepaiatiou ot the seiomucoid could influence the 
amount ot Bj^CO''“ bound b.v the seiomucoid Following peichlonc acid pie 
tipitatiou ot the serum pioteins approvimatelv 30 pei cent ot the seiomucoid 
is lost bv copiecipitation “ Seeoiidh, sultosalicvlic aeid mav libeiate the endog 
CHOUS vitamin Bi« tioni the piecipitated seium pioteins with the libeiated 
vitamin then bound bv the seiomucoid Since botli faetois would decrease the 
binding capacitv foi additional Bj CO the Bi CO ^ binding bv the seiomucoid 
fiaction mav be even Iiighei tliaii that measiucd 

The seiomucoid fiaaioii ot sciiun moves with the alpha 1 and alpha 2 
globulms on electiophoicsis at pll 8 6 * The alpha 1 and alpha 2 globulins 

aie also associated with (1) the cndogeiiouslv bound vitamin Bi- ot noimal and 
CilL seuini^ ® (2) the vitamin Bj- bound following paienteial admmistiation 

ot the vitamin to noimal subjects and patients with CML and (3) the 
GNogenous Bi-CO “ bound in vitio bv CML seia*^ These findings suggest that 
the seiomucoid, oi a moictv thcKot, mav be lesponsible foi the binding of the 
endogenous and exogenous vitamin B,» ot CML seium Bv the use ot anion 
lou exchange lesins, it has been established that the endogenous vitamin Bi-. ot 
CALL stium is not bound bv the alpha 1 acid gljcopiotein,’® the mam piotein 
constituent ot the seronuiconL'^ Since the seromucoid contains at least 3 diffei 
ent piotems,*’* the endogenous Bj binding piotein could still be a constituent of 
tlie seromucoid 

The ineieased Bi CO “ binding capacitj of the C^XL seiomucoid can be 
due to (1) ail mcieasc m the conceutiatioii of a Bj- binding substance piesent 
ill the noimal seiomucoid, (2) an iiicicase iii the luimbei ot B, binding sites 
of a binding piotein noimallv tound m the seiomucoid, oi (3) a Bi. binding 
substance foieign to the normal seiomucoid The incioase m the concentration 
of the seiomucoid fiaction in CML"® is in favoi of tlie fii-st hvpothesis flow 
ever, an increase in seiomucoid eonceiitiatioii has been found iii manv diseases m 
vvliieh seium Bi- bmdmg is not mcieased ■*® * The piesent data is obviouslv m 
sufficient to establish which ot these hvpotheses is coriect 
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The seronuicoicl fraction of serum contains a sturdj^ group of substances 
as demonstrated by the various methods used in its separation from the serum 
proteins, i.e., deproleinization of the scrum by heating"’-'' or precipitation of 
serum proteins with sulfosalicylic acid or perchloric aeid.“ Similarly, the B,,. 
binding properties of these substances arc not affected by relatively drastic 
chemical treatment, i.e., heating to 100° C. or acidification. Furthermore, the 
Bi 2 CO''“-seromueoid complex is not disrupted when precipitated by 5 per cent 
phosphotiuigstic acid in 2 N HCl. The minimal effects of heat and of acidifica¬ 
tion on BioCO"" binding by CML whole sera are due to the increased binding 
bj' the resistant seromucoid fraction. The unavailabilitj’’ of the bound Bi2C0““ 
of CIML sera for Euglena gracilis without heating is probably also explained by 
the increased seromucoid binding. 

It is of interest that two substances with high vitamin Bio binding prop¬ 
erties are mucoproteins, i.e., the intrinsic factor of Castle-'’ and the sow milk 
whey protein.-“ Evidence both foi’-’-'"* and against'”'®® the presence of an extra- 
gastric intrinsic factoi’-like substance pi-esent in normal seram but absent in 
pernicious anemia serum has been presented. The available data do not sug¬ 
gest any relationship of the BioCO®“-binding substances of the CJIL seromucoid 
to intrinsic factor. Thus, heating to 100° C. did not affect its BioCO®® binding 
ability in contrast to its effect in gastric juice.®' An actual increase in binding 
by some seromucoid fractions was noted after heating, an effect not foiind with 
anj' purified or crude intrinsic factor prepax’ation.®® The substances of ClIL 
serum with increased BioCO"® binding properties move as alpha-1 and alpha-2 
globulins on electrophoresis at pH 8.6,® whereas the intrinsic factor activity 
in human gastric juice was found slightly ahead of the beta globulins under 
similar conditions.®® 


SUiniAKY AND CONCLUSIONS 

1. Binding of added cobalFMabeled vitamin Bi, (BioCO®") by nonnal and 
CML sera was studied by dialysis techniciues. Added BioCO®“ was rapidly 
bound and once bound did not exchange with additional “carrier” vitamin Bu 
in both normal and CML sera. 

2. Of the bound BinCO®” of normal sera, i.e., the BioCO®" nondialyzable at 
pll 7.3, 60 to 77 per cent was measured as “free” by Euglena gracilis assay, 
whereas only 9 to 13 per cent was so measured in CIML sera. At the acid pll 
at which the Euglena gracilis assay is perfoi’med (pH 3.6), 47 to 48 per cent of 
the bound BioCO®" of normal sera became dialyzable as compared to 11 to 12 
per cent in CML sera. 

3. BiaCO®® binding by normal sera was unaffected bj^ pH levels above 4.5 
but a marked decline in binding was found at pH 3.6. In contrast, at pH 3.6, 
BijCO®® binding by CIML sera was unaffected. 

4. Preheating of normal sera to 69 to 73° C. for 3 minutes decreased 
BiiCO®*' binding by 49 to 64 per cent as compared to 10 to 19 per cent in CML 


sera. 
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5 B 12 CO''® bmdmg bj the bciomucoid iiaction of noinidl soiiim ^^as equal 
to ail aierngc ot 0 26 in/xg pei inillilitei, constituting 13 pei cent of tlic total 
seiuni binding, uhile binding b\ the CML scioniucoid i\as equal to 7 74 m/ig 
pei millihtei, constituting 61 pei tent of the total sciuni binding Binding bj 
the C^IIL scioniucoid Mas not affteted In icidification 01 heating to 100° C 

6 Difteicuccs noted bctMcen noiinal and C^ll seia witli lespcct to (1) the 
effects of acidification and heating on Bi.CO ' binding and to the ( 2 ) a\ail 
ability oi bound BjoCO ' foi Euyltna tjKUtlis aic due to the incieased buiding 
bj the CML seioiuucoid The ineitased in \itio Iniiding abihtj of CAIL seiuni 
foi added Bi^CO is due to the ineitased Bi CO " binding liy the seiomucoid 
fiaction ot seium, the ineitised ui \i\o binding capacity ot CML seia foi 
Mtaniin Bi m 13 be attiibuted to asimilai ineelianism 

arc milcbtecl to Dr Y S Ritter, Merck &, Companj, Inc, ^^ho kindly supplied the 
cobaRGu labeled Mtaimu B, 
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LABORATORY METHODS 


A CAPILLAIiV TUST TUBE TECIINIQUi: TOR THE 
DETERAIIVATIOV OV CAPILLARY WHOLE 
BLOOD PROTlIROilBIN TDIE 
AIilios SiiosiiKP-'s, M D, \\b Elsh- (Iklwn \ld, B S 
Nrw \HK, N J 

T he lepeitcd (Itteiiniiiatioii of the piothionibiii tune ui infants cspeciallj 
in the fust few months of hie, picbonts scnoiis problems of ttchniqiu 
Ihe repeated sampling of the usu il amounts of blood required for the Link 
Shapiro modification ot the Quiek test foi prothiombin, as is gentrillj used 
for this determination in our Ial>()iatoi>, lequiies repeated \encpunctuies 
sMth the ssitlKUassal ot rmounts ot blood that are piopoition vUy huge in 
Illation to the small resei*^e uailable to the neuboin infrnt Since such 
tests me most often lequiiod ot the almoimal inlant in eontiast to a liealthj 
baby able to ^vithstand such \igoious testing, muth iinestigation Ins goni into 
this phase ot imiiimi/tng the trauma of the test to the infant Sceeial diftei 
ent types of mieiomethod dcteimin ition of the ])iothioml)in time espeenllj 
tor use ill infants hi\e been desciibid in an ilToit to sohe the dilemma pie 
sented *Houc\ei, these tests pio\( quite tomjilev and eiimheisomc in then 
leqiniemeiit ioi the exaetnig eaie and stuiigint conditions in handling 'uid 
testing the small quantities of blood oi plasma sample and thus none oftei 
a coiuenient and ersily aearlablc bedside method tor the aecuiate and im 
mediate dctcMuiiutnm ot the piotliiomhin time ot the blood Tins laboiatoiy 
ni\ estig iteel the aceiii ley aiiel utility ot a beelsido capillary test tube teehnrqiie 
suggesteel by oire ot us (EG) tor such a purpose 

SILIHOUS 

A l1c<iii cipillao tulic, iiitibuiiiig 1 iiiiii intciiial iliajiietct ml 1 cm luii,', ib 

milked olt 111 1 cm interi iL A room temperature mixture of OOlio M calcium ciilondc 
and tliiomboiiluhtm solution* i> driwn uji to the J cm marking and then \er^ freelj Ao'' 
mg blood, as olitainel from i leep skin puncture in a digital tuft, ear lobe, or heel, is 
dnii\n to tlie 3 cm mark Hit tube is tJitn immediately grasiitd between tlie thumb and 
forefinger to close olf the svsttm ml in%trtcil rtpeatelly until the cn I point of a dtfiinte 
Iirecqjitato is reached This precipitate u* easily identified with practice fhe exaet 

ironi the Departments of ^Iclicinc anl L~iboiatones Ueth tspiel Hospital Newark is J 
Aide! by a ferant fiom the Vew irk Beth Israel Hospital Resetreh iounlilion 
Recei\ed for publication Alaj ’2 1J58 

•Solu PUstln Scliicffeling 5. Company 16 30 Cooper Squaie New \ork 3 N \ 
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Table I. A Cohipaeison op Prothrombin Time Determinations Between the Modified 
Quick Test Using Plasma and the Capillary Test Tube Using Oxalated 
Venous and Capill.vey Blood in Infants 


PATIEKT 

NUMBER 

PROTHROMBIN TIME IN SECONDS 

1 PLASMA METHOD i 

1 CAPILLARY TEST TUBE METHOD 

VENOUS OXALATED ' 

BLOOD 1 

CAPILLARY BLOOD 

1 

22 

18 

16 

2 

20 

18 

17 

• 3 

17 

17 

17 

4 

26 

22 

23 

5 

15 

16 

15 

6 

15 

20 

19 

7 

15 

18 

17 

8 

16 

18 

18 

9 

16 

17 

17 

10 

17 

19 

18 

11 

16 

19 

17 

12 

16 

16 

18 

13 

22 

20 

19 

14 

19 

20 

19 

15 

18 

21 

19 

Mean ± S.D. of Mean 

18.6 ± 1.9 

18.0 + 3.6 

18.0 + 1.7 


Table II. Comp.uhson op Prothrombin Time Determinations Between the Modified 
Quick Test Using Plasma and the Capillary Test Tube Using the Same 
Oxalated Venous Blood Sample 


PER CENT 
DILUTION 

PLASMA METHOD 
(REAGENTS AND 
PLAS.MA AT37° C.) 

CAPILL.VRY TEST TUBE METHOD : 

■WHOLE BLOOD AT 

REAGENTS AND 

22° C. 

1 30° C. 

1 37° C. 

100 

IS- 

15* 

19* 

15’ 

75 

19 

19 

21 

16 

57 

21 

21 

22 

18 

42 

23 

21 

23 

22 

32 

28 

22 

24 

24 

24 

32 

24 

29 

26 

18 

38 

25 

30 

32 

13 

45 

34 

35 

37 

10 

50 

42 

52 

45 


•Values given in seconJs. 


Table III. A Comparison op Capillary Tube Prothrombin Time Determinations 
Between Oxalated Venous Blood and Capillary Blood in Adults 


j 

1 PROTHROMBIN TIME IN SECONDS IN DUPLICATE 


PATIENT NUMBER 

1 OXALATED VENOUS BLOOD | CAPILLARY BLOOD 



1 

20.0-19.0 

19.5-19.5 

2 

14.5-14.0 

14.0-14.0 

3 

17.5-16.0 

18.5-18.0 

4 

15.0-16.0 

16.0-15.0 

5 

18.0-18.5 

17.0-16.0 

6 

15.0-16.0 

15.5-14.5 

7 

17.0-16.0 

17.0-17.5 

s 

17.0-17.0 

19.0-19.0 

9 

16.0-16.0 

17.0-18.0 

10 

17.0-17.0 

18.0-18.5 
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CAl’lLLAUY WIIOLD BLOOU PBOTHROMIUN TIME 


Gli) 


tnunij' of tho tes{ is from the tiiuc of the initi il of the blooil ^\lth in\citiiiij the 

tube to this oiiil [U)iiit oL i defiiuto ninl t isilv \isihlo jnecipit ile. 'I’lble I tibulatcs the 
lesulfs lit the (.oinjiuisoiis ot the Link Slin]>iio iiimlifii itum iil the (^uu*K lest lot pio 
thrombin tune, usiiijt .i plfi^.m i substrate, is tompireil to the ( ipillaiN test tuiio toihiiiniie 
usiii^ both o\alatoil \tiious uni L»|»ilhu\ blood siimples on the sntie pitieiits T’lie mean 
\aluo for tlie piotiuominn tunes ot tath tcclitiKpio !•< uppiovuii tfeli JS ^cCOInls The 
\ariations ^\lthln each test group, as determined hv the standard (le\iation from the mean 
are e«iualls and surprisin}»l\ <5imilai, considering tho usn i] nngc of error anticipated in 
Inologic tests 
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PER CERT DILUTION 
t—^ PLASMA TEST TUBE METHOD 

o—o Whole blood capillary tube method 

tiff 1—A comparison of proUiroinbin time dtiution curses between the L.lnk*Shapiro 
moditlcation of the Quick test usin^ plasma and the capillary tube metliod using oaal ited 
>cnoiis blood 


KLSULTS 

Since this testing is done at room tcmperatiiie lather than in the usual 
environmental temperature of 37® C, the vaxiation of the capillary test tube 
technique at several different temperatures was investigated and is lepoited 
in Table II. The same sample of oxalatcd venous blood was used for each 
determination Fii-st, a dilution curve using the modified Quick test on a 
plasma substrate at 37® C was deteimined Next, the capillary test tube 
method was used with the oxalatcd whole blood as a substiate maintaining 
the temperature of the blood and substrates at 37° C , 30° C., and finally at 
room tenipeiatnic of 22° C Reference to Table III coiifiims the accuracy of 
the capillary test tube technique with good correlation at all temperatuie 
ranges tor the concentrated specimens to the 24 per cent dilution Fioni this 
point to the 10 per cent dilution, there is a larger margin of variation than 
would be peimissible for the 22° C, but less so and in an acceptable range 
for the 30° and 37° G runs Pig. 1 dcseiibcs a demonstration using a different 
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oxalated blood specimen. This figure compares the modified Quick test on 
the plasma substrates run at 37° C., while the capillary test tube technique 
was run at 22° C. The curves are veiy similar, with the tendency to lose 
accuracy only at the highest dilutions. 

DISCUS.SION 

The major source of error in this eapillaiy test tube technique lies in 
the need for a free flow of capillary blood. Any modicum of squeezing or local 
trauma that may be used to speed the flow of blood from the puncture site, 
no matter how trivial it may seem, creates mai-ked variations of the pro¬ 
thrombin time in both directions. If the flow of blood from the puncture 
wound is too slow to be of use, a new site should be punctured for the de¬ 
termination rather than to attempt any manipulation whatsoever, no matter 
how gentle it would seem. This test, therefore, demands special familiariza¬ 
tion with this aspect. The skill in recognition of the precipitant end point 
is quickly obtained in use and does not present a problem. 

The convenience and accuracy of this capillary test tube techniqiie for 
the determination of the prothrombin time using capillary blood has offered 
us a very useful tool to investigate prothrojarbin times in any special situation 
where adequate quantities of freely flowing venous blood cannot be obtained. 
This test is not recommended to supplant the usual techniques of prothrombin 
time detenninations when they are convenient to do. We have had great 
success in using this test in the newborn nurseries for a specific research pur¬ 
pose and have used it in adults as well with equally satisfactoiy results (Table 
III). The bedside accuracy of this method plus the easy portability of the 
minimum equipment needed makes it potentially of great service for the speedy 
determination of prothrombin times in the hospital clinic or for home bedside 
use. The increasing use of long-term antiprothrombin drugs for anticoagula¬ 
tion therapy may require the use of such an inexpensive relatively accurate 
technique that can be used without requiring centrifugation or incubation of 
the samples, yet give an exact record of the blood prothrombin content.® The 
apparent simplicity of the test, howevei’, should not minimize the very close 
attention to the important details discussed above. 

SUJISl.VRY 

A bedside micromethod for the testing of prothrombin times using capil¬ 
lary blood as a substrate in a capillary glass test tiibe system at room tempera¬ 
ture is described. This technique has been compared statistically with the 
usual Link-Shapiro modification of the Quick test in newborn infants as well 
as adults and found as accurate. 
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A SEMIMICROTBCHNIQUE FOR IRON=3 BETA DETER^MINATIONS 
IN BIOLOGIC MATERIALS 
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Austix, Texas 

I RON"''’ lias been employed at the Radiobiological Laboratory oI the University 
of Texas and the United States Air Force to evaluate iron incorporation into 
inatni-ing eiythrocytes of the monkey udien the iron was administered in 
various forms,’ and as an index of eiythropoietic damage in monkeys exposed 
to mixed ionizing radiation.- In these studies, a modification of the method 
of Hennessy and Huff,'’ which utilizes eiystal scintillator counting of the 
Fe'’® gamma emissions, has been emplojmd. 

In hematologieally abnormal or irradiated animals, erythropoietic activity 
may be markedly reduced or absent. To eft’ect good counting under such con¬ 
ditions, it has sometimes been necessary to use 3.0 ml. of blood. In small 
animals, both sample volume and sampling frequency may be limiting. 

The mode of decay of Fe®” to Co®® is by paired beta-gamma emission 
with mean energies of 1.1 mev. (gamma) and 0.46 mev. (beta), or 1.3 mev. 
(gamma) and 0.26 mev. (beta).’ Consequently, the 1:1 beta-gamma ratio 
permits the use of either type of emanation in detection. Thin window or gas 
flow counting has been used to detect iron®® beta radiation,®’ ® although recent 
work has usually employed gamma counting techniques in which crystal 
scintillators are used.®’ ® Both techniques have inherent limitations; sample 
absoi’ption can be limiting with the low-energy betas, while crystal scintilla¬ 
tor absorption of relativel}' high-energy gammas frequently results in reduced 
counting efficiency. 

This paper describes a technique for digesting iron-containing compo¬ 
nents of biologic sj’stems, reducing and complexing the iron, and selectively 
extracting and concentrating the complex. In this form, total iron may be 
measured spectrophotometrically and then introduced into a liquid scintillator 
solution which permits beta counting of any Fe.®® present. 

AL4TERIALS AXD AIETHODS 

The care, maintenance, and clinical history of animals at this laboratory have been 
described.“-i- Methods of preparing- specific radioiron compounds, injection and counting 
technique-s, and typical iron incorporation curves of the.se monkeys liave also been reported 
in detail.*. 2 
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Received for publication June 19. 19.58. 



\ lurre,} lEClIMOUE FOB IRO^*» liETV COUNTING G23 

Nomler -t 

To retain coraparabilitv i\ith pnor two male Macaca inulatta monkejs analo 

gous m age, Height, and clinical history to animals u«eil m cited references were emplojed 
in this stuJj 

A 10 ml blood sample previouaU reserved for hematologic determinations Has used 
for detennining radioiron incorporation l>j the beta counting method under test, while 
tho remainder was counted b\ the crvstal scintillation methol This procedure teste 1 
replication of gamma counting dat i again'*! the extensive previous work, and determine! 
the ainht} of the beta teclniKpie to measure the identical phenomenon 

Beta Counting of in a Ltjutd SctnitUalor System —The procedure for digesting 

iron from protein complexL*. iii blood, and seleetivclj extracting it in recomplexed form 
IS a modification of the basic teehniiiuc of Peterson n 

Either whole blood or «.ubfractions may be u«ed The technique permits spec 
trophotometne determination of total iron In addition, the sime solution niav be intro 
duced into liquid cintiliator ‘■olutioiis through «econdary and tertiarv «olvent systems 
In tho tertiarj solvent svatem, anj iron » pre-<tiit may be detected bj counting photons 
resulting from the beta emanations 

Preparation of fi hole Blood for Beta Counting — 

A BcagenU 

1 Concentrated sulfuric acid, reagent grade 

2 Tnchloroacctic acid (TCV), reagent grade, 25 per cent solution lu deionized water 

3 Sodium acetate, reagent grade, saturated solution in deionized water 'Maintain 
excess sodium acet ite in bottom of flask 

4 Thioglj collic acid, reagent grade 

5 1,10 PhcoantUroline (orthophcnanthrolmo),* 0 5 per cent solution in i«oam}l 
alcohol (LVA) \ 

0 Toluene t 

7 absolute ethanol (petroleum derived for low content) 

S Stock scintillation solution 2,5 diphcti>loxazolo (5 45 Gm ) and 2,2'p plienylcnc 
bis(5 phcnjloxazolo) (0 13 Gtn ) in 1 liter of toluene 
B Procedure 

1 Place 1 0 ml concentrated sulfuric acid and a glass bead into a 50 ml P} rex 
centrifuge tube, ami ad 1 0 2 ml whole bloo I Under in exhaust hood, heat the mixture 
over a microburner until heavj wiiite fumes appear After 5 minutes, turn off the buruer, 
and cautiously add 5 0 ml deionized water while gcntlv shaking tho reaction tube Vllow 
tho reaction mixture to cool to room temperature 

2 Add 0 1 ml thiogl> collic acid to the reactiou mixture 

3 Add 2 0 ml 25 per cent TCA to the reaction mixture and allow the precipitate 
to settle 

4 Adi 10 0 ml saturated sodium acetate (final pH should approximate 5 0) and 
centrifuge for 10 minutes at about 825 g 

o Decant the clear supernatant into a clean 23 ml glass stoppered graduate cylinder 
Adi about 5 ml lAA, stopper the cylinder, shako vigorously, and discard the lAA lajer 
This •^tep removes IVA soluble quenching agents from the sjstem 

b Idd 5 0 ml of the 0 5 per cent orthophenanthroliiie I VA solution Stopper and 
shako as in Step 5 Ihis lAA laver, coiitaming the red orange iron orthophenanthrolinc 
complex, m ij bo transferred bj capillary pipette 

7 If nieasuKinciit of tot il iron is dc'^ired, this -solution maj be read speetroplioto 
metrically at 512 ni/i and compirtd to i standard curve If no sjicetrophotometrie 
determination is require 1, 2 0 ml of tho solution may be transferred directh to a W heaton 
5 dram Crystal Lite counting vial with polyethylene cap 

•G Frederick Smith Chemical Cunipan) 
tB iker Chemical Company 
tPliUlips Petioleum Companj 



A SEMIMICEOTECHNIQUE POE IEON“ BETA DETEEIMINATIONS 
IN BIOLOGIC MATEEIALS 

T. P. Lefpingweli., JI.A., G. S. jMelville, Jk., Ph.D., and E. W. Eiess, B.S. 

Austin, Texas 

I EON"'^ has been employed at the Eadiobiolonieal Laljoratovy of the University 
of Texas and the United States Air Force to evaluate iron incorporation into 
matunng ei-ythrocytes of the monke 3 '^ when the iron was administered in 
various forms,‘ and as an index of erythropoietic damage in monkeys exposed 
to mixed ionizing radiation.- In these studies, a modification of the method 
of Hcnnessy and Huff,^ which utilizes erjvstal scintillator counting of the 
Pe’'* gamma emissions, has been emploj-ed. 

In hematologieally abnormal or irradiated animals, erythropoietic activitj' 
ma^' be markedly reduced or absent. To effect good counting under such con¬ 
ditions, it has sometimes been necessaiy to use 3.0 ml. of blood. In small 
animals, both sample volume and sampling frequency may be limiting. 

The mode of decay of Pe^“ to Co*® is by paired beta-gamma emission 
with mean energies of 1.1 mev. (gamma) and 0.46 mev. (beta), or 1.3 mev. 
(gamma) and 0.26 mev. (beta).^ Consequently, the 1:1 beta-gamma ratio 
permits the use of either type of emanation in detection. Thin window or gas 
flow counting has been used to detect iron*® beta radiation,*’ * although recent 
work has usually emploj^ed gamma counting techniques in which crystal 
scintillators are used."’ * Both techniques have inherent limitations; sample 
absorption can be limiting with the low-energy betas, while crystal scintilla¬ 
tor absorption of relativelj’’ high-energy gammas frequently results in reduced 
counting efficiency. 

This paper describes a technique for digesting iron-containing compo¬ 
nents of biologic systems, reducing and complexing the iron, and selectively 
extracting and concentrating the complex. In this form, total iron maj”^ be 
measured spectrophotometrically and then introduced into a liquid scintillator 
solution which permits beta counting of any Fe*® present. 

IIATERIALS AND 5IETHODS 

The care, maintenance, and clinical history of animals at this laboratory have been 
described.a-ic Alethods of preparing specific radioiron compounds, injection and counting 
technique.s, and typical iron incorporation curves of these monkeys have also been reported 
in detail.i> a 
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AbjjOiptiou spcctia of aii components of the liquid counting sy&toui weic 
tlcteimined on the Beckman DU spcctiometei, sepiuately aiul in all possible 
combinations These specti<a neie then compaied to the omission spectia 
of the S,') (liphenyIo\azoIe and 2,2'p phcin lene bis(5 phcni loxazole) as gnen 
by Ha>cs and associatesAbsoiptiou and emission spcctia eMdenced a ‘tail” 
oveilap m the legion of 500 in/* which confirmed the obsenations made on model 
systems 

Initial beta spectinim (photon jield) dcteiminations accomplished on the 
Til Call) liquid scintillation spectiometei evidenced a maikcd “shift” phe 
nomenon chaiaefeiized hj eiiatic count latcs fioni the same sample IIoiv 
(\ci, when the sample was fluslud with aigoii” and adcqiiitcly sided the 
lelitise photon yield foi the sample was stabilized This appaient oxygen 
(Itcct—now known to bi attiibutablc to oxuli/ablc imimutitssometimes found 
in two ot the leigents—iKjums th it simples be counted within ibout G houis 
alt( 1 flushing .ind selling 

Undei the stipulated tonnfei conditions coincidence counting efficunc^ 
oi blood demed Fe'*'* consistintU laiigts fiom 35 to 40 pci cent when intci 
complied uitli NBS Fe CI 3 second ii\ stindaids Because the non is 
homogeneously distiibuted m the conntmi* system, and because of its intei 
compaiability with tlio NBS slandaid, the svstem mn la ugaided as an 
“absolute” licta counting technique 

Zjojt" Incoipoiatwn —Iiicoipoiatioii tunes deteimined by both the beta 
and gamma counting techniques aie shown m Fig 1 The gamma counting 
data (obtained using the Nancy "Wood ciystd seintillation counter, "Modd 
SC 2L, and the calculations of Hennessj and Iluft) ic/lett indnidual incoi 
poiatiou cuucs which aic closely compaiable in both late and amplitude to 
individual animals of eailier studies’ ■* Foi illustrative puiposes the a\ei 
cage lalue has been plotted 


Tablf I Net Couxts Per Minute Per Miliilter 01 Blood \s Determined by Both 
Bets and G\mmv Counting 'Ilchniqles 


d\y 

\ \N CY WOOD CRY ST \1 
SCINTIILSTOR* 

(MODEL SC 3l) 

A\IM\E NUMBER 

TRI CAKBt (I ACKVRD LIQUID 

sciNTiir moN SI fctrometer) 

1NIMVI NUMBFF 

625 1 

872 

625 

872 

0 Injection assay 

6 528 

0,315 

19,873 

20,000 

1 


741 

344 

1,213 

1,663 

2 


991 

1,637 

4,775 

5,063 

4 


2,394 

3,77S 

10 013 

11,350 

7 


3,744 

4,825 

12,375 

12,363 

g 


3,680 

4 530 

12,088 

14,138 

11 


3,678 

4,730 

11,450 

13,788 

14 


3,645 

4,937 

11 280 

14,340 


*Accoiii]aislie 1 on blool >oIume of 1 0 ml or ercatci 
t Vcconiplisheil on the equivalent of 0 08 nil of bloo 1 


Table I shows the net counts pei minute pci milliliter whole blood foi 
each animal as dctci mined b> the beta and gamma counting techniques These 
<lati weic acciued piioi to leaiiniig that quenching agents fiom the blood 
(lipids^) weie being earned into the counting system Bxtiaction of these 
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materials prior to step 6 allowed blood-derived systems to be etpiated with 
model systems. Since the iucoiijoration data in Fig. 1 were calculated from 
tlie proffered diita. Table 1 very probably underrates the power of the beta 
counting method. Only the counting efficieney appears to be affected by the 
presence of the quenching materials. 
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Fig^. 1.—Comparison of iron*^® incorporation curves as determined by both beta an«I gamma 

counting methods. 

DISCUSSION 

The liquid seintiUatiou method of counting Fe''® beta emissions permits 
reduction in blood sample volume when radioirou incorporation is used as an 
index of erythropoietic activity. Eeductions in initial sample size range from 
% (1.0 to 0.2 ml.) up to (from about 3.0 to 0.2 ml. whole blood). 

The technique is capable of reproducing the incorporation patterns ob¬ 
tained by the commonly used gamma counting technique. Although only 2 
test animals were used in this evaluation, the resultant data are in excellent 
agreement vnth both the concurrent gamma data and the extensive previous 
work. Additionally, it is apparent that there is less divergence between beta 
counts from the individual airimals than is exhibited by the individual gamma 
counts. Consequently, a greater resolution is suggested which is probably 
attributable to both the increased counting efficiency of the technique and 
the greater precision inherent in coincidence counting. 
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Efficiency of the bet.i counting technique is fiom 35 to 40 pei cent in 
blood denveci s;ystems Lou' le\cl ci^stal scintillatoi counting of the associ 
ated 11 and 1 3 mev gammas appioMuiatcs an efficiency of 7 pei cent in this 
laboiatoiv Net mcieasc in. efficiency is, tlicicfoie, fioin fi\e- to SL\fold The* 
beta counting technique foi Fe-*® uas dc\ eloped specifically foi use with small 
laboiaton animals in which blood sample \olumc and ficqucncy may become 
limiting and was tested on appaientlj noimal animals If e\tiemely low 
incoipoiation of the non causes counting difficulties, the total non in the 
counting sjsttm maj be incieascd lij” adding moie than 2 0 ml of the non 
oithopheiiaiithiolmc compltv (in the lA-V (\tiaet) to the counting system 
with a concomitant leduction in the amount ot ethanol used Iloweici, the 
efficioncj of counting must decline as conccntiation ot the comple\ in the 
tountnig solution is incieased, tall oft in efticiency appiovim itcs lineaiitj oi ei 
the concentiation langc thus fni imcstigated 

The ttehnique suggObts potential eliiiKal application in cases whtie in 
tants and small ehildien aie undei study for blood d>seiasias etc "When 
coupled with spcctiophotometuc detciminations ot total non in blood its 
subfiactions, oi m othci biologic components the beta counting technique 
lends itself to lapid calculation of specific actnitj which is lequiied in the 
stud} of feuod^namics 


SLMM VR\ 

After acid digestion of non eontainiiig components of biologic* s^stems, the 
non maj be solectnclj complc\ed and e\tiactcd tiom the digest The coloied 
complcv IS of adequate stahditj to peimit spcctiophotomctnc mcasuiement of 
total lion It uon®° is also picsent m the system, the same coloied complcN 
may he intioduced into a liquid scintillatoi solution and the beta emanations 
counted witli an efficiency ot tiom 35 to 40 pei cent at the concentiations of 
non demed fioiii blood The technique offeis a net inciease in counting 
efficiency ot fiom fi\e to sixfold as compaud to the commonly used gamma 
counting technique, a leductioii in size of the initial sample up to one fifteenth, 
and a substantial, but unquantitated, incicase in the piecision of counting 
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Tin: DETHRMINATION OP PRni; AND TOTAL CHOLIND IN 
SERUM AND ITS APPLICATION TO THE PARTITION 
OP SERUM PHOSPHOLIPIDS 
Louis Com \, B S , M D * 

CiiicvGO, III 

T ins papci deals with thiee piobleins (1) the \alidit> of the niiciobiologie 
assay of total eholinc lu semm, (2) the ineasuieiuent of ticc choline m 
scium, and (3) the paititioii of setuiii phospholipids into those containing 
eholine and those that do not 

BliglP and Appleton and assoeiates" behc\c the mieiobiologic assa> oiigi 
nally dcseubed by Iloiowit/ and Beadle^ and used I)> Liioeke and PeaisoiP 
foi the nicasuiement of the choline eontent of plasma is not spceifie foi choline 
Howeiei, Duell l)clle^(s this method is quite sensitive and specific Review 
of the oiiginal aitieks hy Iloiowitz and Beadle’ and Lncckc and Pearson’ 
indicate seveial studies weic omitted that aic ncecssaiy to establish the va 
lidity ol this type of assay The usults of expeiimcnts designed to test the 
validity ot the mieiobiologic assay aie icpoitcd lieic and indieate the mcasiue 
niciit of total eholinc m scuim is speeihc, aceuiatc, and icpiodiicibk 

The nicasuiement ot fiec choline in senim was also undeitakcn BbglP 
has summan/ed bcautitully the ptoblcms inheient in the measiuemcnt of fiee 
eholinc in seium Using a biologic method he iound ])lasma contained 1 to 
2 /xg choline pci imllilitci Appleton and covvoikeis® measiumg a pcnodide 
pieeipitatc of eholine in ultiaviolet light found an aveiagc of 44 /xg choline 
pci niillihtei of plasma Tiiese ait in eoiitiast to the findings of Luecke and 
PeaisoiP of 44 to 75 /xg eholinc pci millilitci of plasma using the mieiobiologic 
method The icsults picsentcd IkIovv indicate that contiaiy to the findings 
ot Luecke ami Pcaison’ theie is no detectable /icc cholme in seium using the 
mieiobiologic method 

Theie is also disagiecnunt about the quantity ot eholinc containing and 
noncholmc containing phospholipids in human plasma Eailiei woik, sum 
maii/ed by Tauiog and associates' indicated 20 to 40 pei cent of scium 
phospholipids aic noiicholine eontaiiiing Albiink’*® moie icccntly has con 
fumed this eaihei woik ITowevei, Tauiog and associates'’ found that only 
0 to 8 pel cent ot seium phospholipids do not contain choline These findings 
weio confiuued by IlaclU and Sincl.ui,® although levicvv of then data indicates 
that 111 some of the plasma samples examined as much as 8 to 17 pei cent of 
the serum phospholipids aie tiee ot choline Oiu studies to date in 38 noimal 
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